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INTRODUCTION 


GENERALLY SPEAKING 


TUTORIAL EXERCISES FOR CHEMISTRY is a collection of computer- 
based interactive learning exercises devoted to some of the 
basic principles and relationships presented in introductory 
chemistry courses. The student and the computer communicate 
throughout each exercise, with the computer's response dependent 
upon the student's input. Progress made.in a program is depen- 
dent upon mastery of intermediate steps. These programs enable 
a student to grasp a topic at his own rate and in his own manner 
by taking advantage of the speed, accuracy and versatility (not 
to mention the patience!) of a computer. They do not, however, 
require a sizeable commitment in terms of special hardware, 
extensive storage capabilities, or specially trained personnel. 
The size and structure of these pEogeans make them usable with 
virtually any BASIC Compiler. 


The exercises are not interdependent, nor do they pretend to 
provide new or original instruction. Each is designed to reinforce 
understanding of a single topic or concept that has been pre- 
viously discussed. | 


In each exercise the presentation varies each time the program is 
run so that every student receives his own set of questions. Num- 
erical values for problems vary randomly within logical limits; 
the same problem is never presented twice, either within an exer- 
cise or from one run to the next. | 


Both student and teacher receive immediate feedback from these 
exercises. In those cases where students encounter difficulties, 
explanations and additional questions are provided. For the 
teacher, the exercise sheets are self-grading, and student errors 
are immediately recognizable. 


The computer has been adapted by these exercises to drill science 
students in the use of certain concepts with a degree of individual 
attention which is impossible to attain in the normal classroom 
situation. | 


FEATURES OF THE EXERCISES 


In each sequence of questions, careful attention has been given 
to the wording and selection of examples in order to focus atten- 
tion on the basic idea in a straight-forward manner. Few, if 
any, of the problems deal with the "exceptions" to the general 
rules. To enable the student to concentrate on the chemistry of 
a problem, each exercise involving problem-solving contains math 
subroutines to assist with the required calculations. 


The student must determine the specific arithmetic operations for 
each problem but the actual computations can be done by the 
computer. 


Another feature built into each program causes the computer to 

pause whenever an explanation is printed in response to an incorrect 
answer. The student is encouraged to study the problem and 
identify his mistake before restarting the exercise. 


Every problem provides the student with his score after a specific 
number of questions have been answered. In many cases, a student 
will repeat an exercise to improve His first score. It is not 
unusual to find students repeating an exercise three or four 

times to score 100% and a "victory" over the machine. 


COMPUTER ORIENTATION REQUIREMENTS 


These exercises were designed for all students in any chemistry 
course; no special instruction in the use or programming of 
computers is required either by the student or the teacher. The 
Student Handbook contains descriptions and instructions to p HeEP 
students use the exercises. 


INCORPORATING THE EXERCISES 


The sequence in which the programs have been arranged is arbitrary; —) 
they may be used in any sequence which is appropriate to the course 

’ syllabus. A cross reference key to fifteen commonly used chemistry 
texts has been included in this guide for ease in integrating the 
material into the curriculum. 


Program modification may be necessary, depending on the BASIC compiler 
that is used. Appendix A of this volume deals with the most common 
changes that may be required. 

APPLICATIONS 


There are three ways in which the programs can be used: 


1) CLASS ASSIGNMENTS (in place of the conventional "first ten 
problems at the end of the chapter".) 


2) REMEDIAL WORK (for students who have missed work or need 
additional drill on certain topics.) 


3) REVIEW FOR EXAMINATIONS 


ORGANIZATION OF THE EXERCISES 


Each of the ten exercises in this volume is organized in the 
following manner: 


DESCRIPTION 
- Program Topic and Objectives 


DISCUSSION 


- Question Format 
- Scoring 


PREPARATION 


- Background Information 
- Materials 
- Time Requirements 


DOCUMENTAT ION 


- Sample Run 
- Program Listing 
- Modification Notes 


SUMMARY 


These exercises represent a relatively new approach to certain . 
aspects of instruction, made possible by the vast improvements 

in computer technology which have enabled so many schools to 
acquire this valuable learning tool. Comments concerning the 
effectiveness of these programs, suggestions for their improvement, 
and observations of student reactions are earnestly solicited and 
will be gratefully acknowledged. 
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THE EXERCISES 


UU) I: METEST 


DESCRIPTION | 


This program gives practice with metric system units for 
measuring length, mass and volume. It consists of a sequence 
of multiple choice conversion problems that utilize the units 
most frequently encountered in science courses. 


DISCUSSIO 





QUESTION FORMAT: The program generates nine different questions 
and appropriate multiple choice answers in each sequence. For 
example: | 


TO CHANGE CENTIMETERS TO METERS YOU SHOULD: ee 
(A)MULTIPLY BY 19% (B)MULTIPLY By 18 (C) DIVIDE BY 199 
(D)DIVIDE BY 19 | - tee eee ~ * 


16.42 CENTIMETERS* ? MM | 
(A) 1642 (B) 164.2 #£(c) 16429 (D) 1.642 


Ly 10.18 GRAMS = ? KG. } 
(A) 1.818E-2 (B) 1.f18E-1 (c) 1918 (D) 191892 


7.74 METERS = ? CM nee, 
(A) .774 (B) '77.4 (Cc) 774 (D) 7.74E-2 


13.91 ML =? cC et ee Pee ee ae ria eee 
(A)- 1391 (B) 13.91 (C) °1391 (D) 1.391E-2 
WHICH IS THE SMALLEST? 

(A) 589 GMS (B) 5.8E-2 KG (C) 2988 MILLIGMS 


3 LITERS = ? CC 
(A) 3998 (B) 3E-2 (C) 3668 (D) 39 


WHICH IS THE LARGEST? | 
(A) 332 METERS (B) 4158 cM -(C) .166 KM 


14.48 POUNDS = ? KILOGRAMS 
(A) 724¢ (B) 6.58182 (C) 31.856 (D) 3.18242E-2 


With each run of the program, the order of the questions: is 
scrambled, and the numerical values are selected at random. 


'e 


SCORING: When a student answers a question incorrectly he is 
told to try it again and his error is tallied. If he misses the 
second attempt an additional half-error is counted against him. 
He is given the correct answer with a brief explanation, and the 


program waits for him to study his mistake. When he restarts by . J 
pressing 'RETURN', he gets the same question with new numerical — 
values. . 


After all nine questions have been answered, the student's score 
is computed as follows: | : 


(tT - E) x 100 % 


T 


total number of questions asked 
including "repeats" 
error count 


where T 


E 


After seeing his score, the student may start again with a new 
sequence. | : 


PREPARATION 
BACKGROUND: This exercise is designed to be used very early 
in the year after the metric system has been introduced: in class. 

It is also a good review for students in courses where familiarity with 
the metric system is assumed as a prerequisite. Before the 
exercises are assigned, students should have a thorough under- _ 
standing of exponential notation. For example, 5 

9,4E-2 means 9.4 x 1072 or .094 


1E-4 means.1x107* or .0001 


TIME REQUIREMENT: Approximately 30 minutes/student 


DOCUMENTATION 





SAMPLE RUN: 
RUN. 


METEST CANTERBURY 


PLEASE TYPE YOUR FULL NAME. ) 


WILLIAM WILLIAMS 


Qe 1 e 


8-65 GRAMS = ? KG 
(A 8-65E-3 CB) 8&«65E~-2 CC) . 865 CD) 86586 


A 

RIGHT 

Qe 2. 

(17.84 ML = ? CC 

(A) 1784 (B) 17.84 (C) 1784 CD) 1.784E-2 
A 


NO ~ TRY IT AGAIN- 


A : | 
NO$ 17-84 IS RIGHTs SINCE A CC IS THE SAME AS A ML! 


STUDY THATs THEN PRESS *RETURN* 


7029 ML = ? CC | | 
( ) cA) 729 (B) 7.229 (C) 7.29E-2 (Db) 7e29E=3 


Q 3. 

WHICH IS THE LARGEST? | 

CA) 264 METERS €B) 3388 CM (CC) «132 KM 
C 


NO - TRY IT AGAIN. 


Z . 
STILL NO! 3388 CM= 33 METERS, .132 KM= 132 METERS, 
SO 264 METERS IS THE ANSWER. 


STUDY THATs, THEN PRESS ‘RETURN® 


‘oe WHICH IS THE LARGEST? 
(A) 784 METERS CB) 98680 CM (C>) «392 KM 


A 
RIGHT 
Qe Ae 


' 5.6 LITERS = ? CC : 
(AY 568 (B) 5e6E-2 ¢C) 5696 (D) 56 


WHICH 15 THE SMALLEST? 
CA) 1936 GMS (B) .193°KG (C) 9656 MILLIGMS 


Qe 6 % 


_ 6062 CENTIMETERS= ? MM 
: eA, EER (B) 6602 (C) 6628 (D>) 662 


PROGRAM LISTING: 


JGRANDOMIZE 

LIDIMPC 4G) ; a | 

26PRINT“ PLEASE TYPE YOUR FULL NAME"\PRINT 

-25PRINT } | _—. 

OTINPUTSPC(M)? 2 = : 
3OIFPC(M)=32THEN 49 t 4 | ACCEPT STUDENT'S NAME 
35 IF P(M)=13THENSS | : 3 
366 0T04 1 

AGS=M _. 

41M=M+1 

45G OT 027 


. S@IPRINT. 


59PRINT 

126V=1 | 
215G0TO2808 
216PRINT 

217X=G 

218N=08 

22grI=I+1 

221 IFI>9THENI61¢4 
222PRINT"Q. “I"." 
2306 0T021988 
259N=N+ INY=2 
265 Q=INTCRND( 1)*209+18)/18 
27TBPRINT“WHICH IS THE LARGEST?” 
27 1PRINT" CA) "40*Q"METERS 
288GOSUB1888. INP RE 


29G1FZ=68THENI739 _.COMPARE ANSWER 


SIBIFY=ITHENSSONY=1 


349G0T028B . 


SSA@PRINT' STILL NO! "5 90*Q"CM="5*Q"METERS, 


(B) "530*Q"CM 


JUMP TO SCORE COMPUTATION 
PRINT QUESTION NUMBER AND SELECT QUESTION 


INCREMENT COUNTER, RESET Y 


CC) "eO2*Q"KM" 


QUESTION 


SSIPRINT"SO “490*Q"METERS IS THE ANSWER” 


3686 0SUB2588 
388GO0TO258 RESTATE QUESTION | 
AAGN=N+ INY=¢8 

415Q=INTCRNDC( 1)*269+16)9716 
A2ZAPRINT*WHICH. IS THE SMALLEST?" 
421PRINT"CA) “"186*Q"GMS 
AISGOSUB188A | 
4461FZ=67THENI73¢@ 

A691 FY« 1THENSOONY= 1 
486GOSUB166@ | 

499G 0T0432 

SS6BPRINT’NO- *.91*Q"KG= 
5*Q"GMS>, 
519G 0SUB2Z588 
539G OT OAG® © 
55ON=N+ INY=0 


*1G*Q"GMS, 


5 
57 QW=-W\ I FW<@THENS75\PRINT"TO CHANGE a | TO CENTIMETERS YOU sci specie al 


S7 1K=65\GOTO58¢ 


CB) “eG1*Q"KG 


AND 
SO "580*Q"MG IS THE ANSWER.” 


CC) "S88*Q"MILLIGMS” 


, QUESTION 


"590% Q"MILLIGRAMS="" 


J 


S7SPRINT"TO CHANGE CENTIMETERS TO METERS YOU SHOULD: "\K=67 


S8APRINT"CA)MULTIPLY BY 196 
581PRINT'(D)DIVIDE BY 12" 
5986 OSUBI88¢ 

6001 FZ=KTHENI730 

62G1F Y= 1THENG6ONY=1 - 

648G 0SUB166@ 
658G0TO59@ 
66SPRINT" NOS 
670G OSUB2508 
699G 0TOS5B 
71GN=N+ 1\Y=0 
120Y=8° 
136GOSUB 1780. 
74QPRINTQ “METERS = 
7T4iPRINT"CA) "Q/18" 
758G 0SUB188¢ 
16G1FZ=67THENI7 30 
18G1FY= 1THENS2Q\Y=1 
798G 0OSUB1666 
81G@GOTO755 


? CM” 


CB) "Q*1g 


620PRINT"NO - YOU MULTIPLY BY 180 TO GET 


CBIMULTIPLY BY 18 


QUESTION 


“CHRSC(K)" IS RIGHT SINCE 108 CM = 1 METER." 


"Qx 100" "Q/100 


CC) CD) 


QUESTION 


"Ox 180 


9 


* .92* OQ" KM="29* Q"METERSs * 


CCIDIVIDE BY 1o0" 


838G OSUB256@ 
849G 0T07.16 
8608N=N+ INY=G 
888 GOSUB 1706 


S89BPRINTQ"GRAMS = ? KG" 
891PRINT"CA) "Q/1868" ¢B) "Q/196" 
998G0SUB188@ 


9IGIFZ=65THENI73¢4 
9301FY= 1THEN97@\Y=1 
‘9496 0SUB1668 
- 966G0T0896 

97 SPRINT "NOS 
986GOSUB258¢a 
994 GOTO86E8 
19 18N=N+4+1\Y=6 
1838 GOSUB 17088 


DIVIDE BY 1866 TO GET 


1G4 APRI NT Q’ML = 9 cc" 
JO41PRINT"C(A) "Qe1GB" CB) "Qn 
1858G0SUB188¢ | 


IBEGIFZ=66THENI7 3G . 
IG8OIFY=1THENI126NY=1. 
ISI GGOSUBI66@ - 
LIIGGOTOLG5S 
IeSPRINT'NO3 
11396 0SUB256¢ 
1146 GOTO 1612 
LI6ON=N+ 1\Y=0 
JISOGOSUB 1788 
JISSPRINTQ*"CENTIMETERS= ? MM" 
AIOQIPRINT'CA)D “*Qe168" CB) "Q*e10" 
12A08G0SUBI88O © | 
J21OIFZ=66THENI739 
J2E3GIFY=1THENI279NY=1 

1258G 0SUB1662 

1260GO0TO0129¢ 


*Q" IS RIGHTs 


J 
| 


CC) "Q*10GG" “CD "Qe 18606 
QUESTION 
*Q/10G 
€C> “Q/186" CD) "Q/1006 
QUESTION 


SINCE A CC IS THE SAME AS A ML!" 


) 


127OPRINTQ*16" IS CORRECT BECAUSE 1 CM =198 MM" 


128 2G OSUB256¢8 

129906 0T01 1628 

A3 1ON=N+ 1\Y=6 

133986 0SUB 1782 
IS4GPRINTQ" LITERS = 
AS41PRINT" CA)" Qe 100" 
3.35 9G OSUB1889 | 
I36Q1IFZ= 67THEN1738 
AS8@IFY=I1THENI420NY=1 
1496G 0SUB166@ 

14198 GOTO 134g 
A4A2G6PRINT"1GGBGCC = 
1430G 0SUB2592 
1448GOT01319 

146 ON=N+ 1NY=9 
J48EGGOSUB 1798 
I49SPRINTQ" POUNDS = 
ASJIPRINT"CA)D “Q*585" 
ISZSGOSUBI88d 
ASIGIFZ=66THENI739. 
IS3SAIFY=1THENIS572\Y=1 
1556G 0SUB1668 
1I569GOTOI1SBB 
IS76PRINTQ/2.2" IS RIGHT; 
IS86GOSUB2580 

1598 GOTO146@ 


? oc" 
(Bd 


1968ML = 


? KILOGRAMS” 
(BD 


"Q/190" 


1 LITER, 


"qQ/2e2" 


SINCE 2.2 LBS = 


CC) "Qe1988"  ¢D) “Q/s1B 
QUESTION 

CC)" Qk1GGB" CD) "Q*1g 
QUESTION 


SO"Q*1808" IS THE ANSWER" 


x 


CC) "Qk202" (D> "Qs455_ 


QUESTION 


1 KG." 


J 


A61BPRINT“WELL, "3 \ SORE GONeUTED. COMMUNE OpTTaH 
1611GOSUB3090 lta cad coins etn tcc 


1615PRINT", YOUR SCORE IS NOW “INTC CCN-X) /N* 108+ 085)*18)/10"2% 6" 
162GPRINT“WANT TO TRY SOME MORE CY OR N)?"5 

J6E3BINPUTSZ 

I635PRINT 

16361=6 

I6461FZ=89THEN2I5S 

1656 STOP 

I66GPRINT\X=X+1INPRINT'NO - TRY IT AGAIN."\PRINT\RETURN WRONG ANSWER ROUTINE 
1790 LET Q=INT(C296G8*RNDCGY)/108 RANDOM NUMBER CHOSEN eg eee gg 
1720 RETURN 

1736 FOR E=1 TQ 7 

I7Z4SGPRINTCHRSC135)5 


175@ NEXT E RING BELL, ACKNOWLEDGE CORRECT ANSWER, 
1766PRINT GO BACK FOR NEW QUESTION 

177 @6PRINT“RIGHT™ | | 

1I78BPRINT 

1798G 0T0226 


1IS8GPRINT\PRINT\INPUTSZ\PRINT\RETURN ROUTINE FOR ACCEPTING ANSWER 
2GGGI=1+1 | 

261 GNC I)=INTCRND(1)*9+1) 

262GFOR J=1 TO I-1 

29251 FNC1I)=NCJ) THEN2810 SCRAMBLING SEQUENCE 

OB3GNEXTI | 

OG4GIFI<9THEN2Z9BG 

29501=6 ~ 

296 8G OT0216 

21G9PRINT 

21D LI FNCI)=1THEN25@2 

SIG2IFNC1)=2THENADD 

21G3I1FNCI)=3THENSSS 

— Q1GALFNC1)=4THEN7T 1G TO SELECT QUESTION 
PIGSIFNC1)=STHENS64 7 

2IG6IFNCI)=6THENIGIGC 

2197 1FNC1)=7THENL169 

21981 FNC 1) =STHENI31@ 

21G9GOTOL46G 

2SGBPRINT\PRINTN\PRINT"STUDY THATs THEN PRESS *RETURN*" paAUSE ROUTINE 
25A5PRINTN\X=X+-5 | 
25 1SINPUTS$Z 

2517PRINT 

252G6RETURN 

36G8FORJ=8TOS : 

381 G@PRINTCHRS( PCJ) )3 PRINT FIRST NAME 

3G2GNEXTYJ 

383 @BRETURN 

AGGSEND 


READY 


11 


DEFINITION OF VARIABLES: 
N - the number of questions asked 


I 


the number of different question types asked 


a flag (0 or 1 to indicate that the wrong answer has been given) 
- error counter | 
a randomly selected number which forms the basis of each problem 


a flag (1 or <1 to control the form of the question) 


vn 2 0 *® K 


the student's response 


t 


K = the correct response to one of the questions 
P, M, S = used in setting up student's name 


S = the number of letters in first name 
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IIz DENSITY 


DESCRIPTION 


This exercise deals with the concept of density. Five different 
problems are presented, involving the relationships between the 
fundamental physical quantities of mass, volume and density. 
Each problem requires some application of the formula: 


DENSITY = MASS 
VOLUME 


DISCUSS ION 
QUESTION FORMAT: The five questions are of the following form: 


(A) A BLOCK IS *** CM LONG, *** CM WIDE, *** CM THICK AND 
WEIGHS *** GMS; WHAT IS ITS DENSITY? 


(B) WITH *** ML OF WATER IN A GRADUATED CYLINDER, A METAL 
OBJECT WEIGHING *** GMS IS SUBMERGED, AND THE LEVEL 
RISES TO *** ML. FIND THE DENSITY OF THE OBJECT. 


(C) IF *** NAILS RAISE THE WATER LEVEL IN A GRADUATED 
CYLINDER BY *** ML, AND THE DENSITY OF THE METAL 
IN THE NAILS IS 7. 2 GMS PER CC, WHAT DOES ONE NAIL 
WEIGH? 


(D) A SHEET OF LEAD *** CM LONG, AND *** CM WIDE WEIGHS *** 
GMS. LEAD'S DENSITY IS 11.3 GMS/CC. HOW THICK IS THE 
LEAD SHEET? , " 


(E) IF *** ML OF GASOLINE WEIGH *** GMS, WHAT VOLUME OF 
GAS WOULD YOU NEED FOR *** GMS? 


They are presented in the order shown and the values inserted at 

the *** are selected at random. If a question is answered incorrectly, 
an explanation is given,and the program pauses so the student may 
study it. When the student restarts the program the same question 

is repeated using different values. After Question E has been 
answered correctly, the sequence starts over again unless the 

student has answered all questionscorrectly on the first try. In 

that case he receives a score of 100%,and. the program stops. 


The error tolerance on each problem is 2 percent. This allows | 
the optional use of a slide rule in place of the math help 
subroutine. 
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SCORING: The score is computed as follows: 


B-X - x 100% 
B 


total number of questions asked 


Where B = 
X = number of incorrect responses 
PREPARATION 


BACKGROUND: This exercise can be assigned early in an introductory 
chemistry, physics, or physical science course to students not 
already proficient with metric units or concepts of mass, volume 
and density. The computer's form of exponential notation should 
be discussed before running the program, since some calculations 
will be expressed in the form 2.34E-2 rather than .0234. 


TIME REQUIREMENT: Approximately 30 minutes/student. 


DOCUMENTATION 


SAMPLE RUN: 


RUN 


DENSIT CANTERBURY 


PLEASE TYPE YOUR FULL NAME 


MILTON COLVIN 


1) A BLOCK IS 73 CM LONG, 57.4 CM WIDE, 
37-6 CM THICK AND WEIGHS 1248@ GMS; WHAT IS ITS DENSITY? 


WANT SOME HELP WITH THE MATHCY OR N)7 
PLEASE ANSWER Y OR N 
VANT (SOME HELP WITH THE MATHCY OR NOY 


ANS. IN ices 

NO- 

MULTIPLY THE DIMENSIONS TO GET THE VOLUME, THEN DIVIDE THE 

MASS BY THE VOLUME TO GET 7+87@44E-2 FOR THE DENSITY IN GMS/CC 


STUDY THATs, THEN PRESS ‘RETURN® « 
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2.9 A BLOCK IS 328 CM LONGs 65-8 OM WIDE, 
11.6 CM THICK AND WEIGHS 156406 GMSs WHAT IS ITS DENSITY? 


WANT SOME HELP WITH THE MATHCY OR NOY 
A 


a 


nis. IN G/CC= 21456 
NO- — | 
MULTIPLY THE DIMENSIONS TO GET THE VOLUMEs THEN DIVIDE THE 
MASS BY THE VOLUME TO GET. .649329 FOR THE DENSITY IN GMS/CC 


STUDY THATs THEN PRESS ‘RETURN". 


3) A BLOCK IS 383 CM LONGs 56-2 CM WIDE, 
9.6 CM THICK AND WEIGHS 155260 GMS’ WHAT IS ITS DENSITY? 


WYANT SOME HELP WITH THE MATHCY OR N)N 

ANS. IN G/CC=?+648329 

NO- | 
MULTIPLY THE DIMENSIONS TO GET THE VOLUME, THEN DIVIDE THE 
MASS BY THE VOLUME TO GET .949333 FOR THE DENSITY IN GMS/CC 


STUDY THATs THEN PRESS *RETURN'. 


4 ) A BLOCK IS 34 CM LONGs 48-6 CM WIDEs 
2209 CM THICK AND WEIGHS 77288 GMS; WHAT IS ITS DENSITY? 


WANT SOME HELP WITH THE MATHCY OR N) 
PLEASE ANSWER Y OR N 
WANT SOME HELP WITH THE MATHCY OR NDY 
MULTIPLICATION OR DIVISION?7(M OR D)M 
FIRST NUMBER?34 

SECOND NUMBER?49 

34 X 49 = 1666 

NEED ANY MORE HELP?(Y OR ND)Y 
MULTIPLICATION OR DIVISION?(M OR DM 
FIRST NUMBER? 1666 
SECOND NUMBER?23 

1666 X 23 = 38318 

NEED ANY MORE HELP?(Y OR NDY 
MULTIPLICATION OR DIVISION?(M OR D)D 
WHAT IS THE DIVISOR238318 
WHAT IS THE DIVIDEND?77296 

717200 / 38318 = 2.01472 

NEED ANY MORE HELP?(Y OR NN 
ANSe IN G/CC=72.814 

RIGHT!! 


5 WITH 46-2 ML OF WATER IN A GRADUATED CYLINDER, A METAL 
OBJECT WEIGHING 175 GMS IS SUBMERGEDs, AND THE LEVEL 
* RISES TO 98-5 ML. FIND THE DENSITY OF THE OBJECT. 
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WANT SOME HELP WITH THE MATHCY OR NDY 
j | 

8 
i : 

ANS. IN G/CC=2?3.24 

NO- | ; : 

THE DIFFERENCE BETWEEN THE WATER LEVELS IS THE VOLUME, SO 

DIVIDE THIS INTO THE MASS AND YOU GET THE DENSITY, 3-95834 GMS/CC. 


-) 


STUDY THATs, THEN PRESS "RETURN'. 


6 WITH 46-5 ML OF WATER IN A GRADUATED CYLINDERS A METAL 
OBJECT WEIGHING 178+5 GMS IS SUBMERGEDs AND THE LEVEL 
RISES TO 91+¢8 MLe FIND THE DENSITY OF THE OBJECT. 


WANT SOME HELP WITH THE MATHCY OR N)D 
PLEASE ANSWER Y OR N 

WANT SOME HELP WITH THE MATHCY OR NDY 
MULTIPLICATION OR DIVISION?(M OR D)D 

WHAT IS THE DIVISOR?45-e3 

WHAT IS THE DIVIDEND?7178.5 

—=178-5 SS 4543 = 3e94G4 

NEED ANY MORE HELP?¢Y OR NON 

ANS. IN G/CC=?73.94 

RIGHT!! 


7 9 IF 19 NAILS RAISE THE WATER LEVEL IN A GRADUATED : 
CYLINDER BY 25-2 MLs AND THE DENSITY OF THE METAL IN THE LA 
NAILS 15 72 GM/CCs. WHAT DOES ONE NAIL WEIGH? 


WANT SOME HELP WITH THE MATHCY OR N)N 

ANS. IN GMS=?3.94 

NO- | 

FIND THE VOLUME OF ONE NAIL BY DIVIDING THE VOLUME OF ALL THE 
NAILS BY THE NUMBER OF NAILS$ MULTIPLY THIS BY THE DENSITY 

OF THE METAL AND YOU GET 9.54948 GMS FOR THE MASS OF ONE NAIL 


STUDY THATs, THEN PRESS 'RETURN'. 


8») IF 14 NAILS RAISE THE WATER LEVEL IN A GRADUATED 
CYLINDER BY 20.2 MLs AND THE DENSITY OF THE METAL IN THE 
NAILS IS 72 GM/CCs WHAT DOES ONE NAIL WEIGH? 


WANT SOME HELP WITH THE MATHCY OR NDY 


ANS. IN GMS=719 
NO- , | | 
FIND THE VOLUME OF ONE NAIL BY DIVIDING THE VOLUME OF ALL THE ) 
‘NAILS BY THE NUMBER OF NAILS$ MULTIPLY THIS BY THE DENSITY 
OF THE METAL AND YOU GET 14-3885 GMS FOR THE MASS OF ONE NAIL 


16 


STUDY THATs THEN PRESS *RETURN*- 


9) IF 21 NAILS RAISE THE WATER LEVEL IN A GRADUATED 
CYLINDER BY 26e1 ML» AND THE DENSITY OF THE METAL IN THE 
NAILS » 1S 7e2 GM/CCs WHAT DOES ONE NAIL WEIGH? 


“WANT SOME HELP WITH THE MATHCY OR NOY 
j : 
| 
ry : 
ANS. IN GMS=?8 
NO- | 
FIND THE VOLUME OF ONE NAIL BY DIVIDING THE VOLUME OF ALL THE 
NAILS BY THE NUMBER OF NAILS; MULTIPLY THIS BY THE DENSITY 
OF THE METAL AND YOU GET 8-94857 GMS FOR THE MASS OF ONE NAIL 


STUDY THATs THEN PRESS ‘RETURNS - 


19 ) IF 31 NAILS RAISE THE WATER LEVEL IN A GRADUATED 
CYLINDER BY 4-1 MLs AND THE DENSITY OF THE METAL IN THE 
NAILS IS 7e2 GM/CC» WHAT DOES ONE NAIL WEIGH? 


OKAYsMILTON » YOUR SCORE IS 38-5 &- 


( ) READY 


PROGRAM LISTING: 


IMRANDOMIZE 
1IDIMP( 49) ) 
26PRINT“PLEASE TYPE YOUR F if 
nisin ULL NAME"\PRINT 
27 INPUTSP(M> 
S@IFP(M)=32 THEN 49 
351 FP(M)= 1 3THENSO 
36G0TO4 1 

4QS=M 

AIM=M+1 | 

45G 0T027 

S@PRINT 

I136DIM N(6)s5RC14) | : 

168 GOSUB174@ } SET UP VALUES FOR PROBLEMS 


‘< 17 6PRINT 


INPUT STUDENT'S NAME 
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18 6B=B+ 1 
19SPRINT BY) A BLOCK IS"16*R¢C1) "CM LONGs, “2*xRC2)"CM WIDEs,* 
2B9PRINTR(3)"CM THICK AND WEIGHS "ACGO*RCA)YGMSS | WHAT IS ITS DENSITY?™ 


218PRINT\NPRINT\GOSUB1476 ; 
CASGPRINT™“ANS eo IN, G/CC="$3 QUESTION A (180 ees 380) 


2SGINPUT Z | 

260K=200*R( A) (RCL) ¥RC2)*RCO3)) | 7 
27 6IFABS(Z-K)< eG2*xKTHEN3S6G 

299G 0SUB137@ 

32GPRINT"MULTIPLY THE DIMENSIONS TO GET THE VOLUMEs, THEN DIVIDE THE" 
33G6PRINT“MASS BY THE VOLUME TO GET "K* FOR THE DENSITY IN GMS/CC" 
335GOSUBI8G9@ 

348G OSUB1749 

358 GOTO17¢ 

368G OSUB141¢2 

37GPRINT 

38Q9PRINT 

39G B=B+1 | 

ASGPRINT BY )WITH"29+R(5)"ML OF WATER IN A GRADUATED CYLINDER, A METAL” 
41GPRINT“ OBJECT WEIGHING"5*(R(6)+1G)"GMS IS SUBMERGED, AND THE LEVEL" 
42SPRINT*RISES TO "38+R(5)+RC7)"ML. FIND THE DENSITY OF THE OBJECT." | 
433PRINT\PRINT\GOSUB147& 

A6GPRINT"ANS. IN G/CC="3 : _ 

ATGINPUT Z QUESTION B (390 ~- 580) 

48 @K=5*(RC6)4+18)/CRC7) +198) 

498IFABS(Z-K) < eG2*KTHENSSE 

518G0SUB137¢ 

S4S9PRINT“THE DIFFERENCE BETWEEN THE WATER LEVELS IS THE VOLUME, SO" 
SS@PRINT"DIVIDE THIS INTO THE MASS AND YOU GET THE DENSITY, "K"GMS/CC.™ 
555G OSUB1L89B 

562@G 0SUB1746 

57 8G OT0386 | 
588G0SUB1412 | Y 
SOSPRINT 

62GPRINT 

6140B=B+ } | 

619N1=INTCR(8) +418). 

629PRINTB") IF “"N1" NAILS RAISE THE WATER LEVEL IN A GRADUATED" 
63GPRINT"CYLINDER BY”"R(9)"MLs AND THE DENSITY OF THE METAL IN THE * 
64SPRINT"NAILS IS 7¢2 GM/CC,s WHAT DOES ONE NAIL WEIGH?" 
6SOPRINT\PRINT\GOSUB147@ 

68OPRINT“ANS » IN GMS=*"'$ QUESTION Cc (600 _ 830) 

69BINPUT Z > 

TAGK=RC9)*7 -2/CINTCR(8)410)) 

TIGIFABS(Z-K) < »G2*KTHENS 19 

738G 0SUB1376 

766PRINT"FIND THE VOLUME OF ONE NAIL BY DIVIDING THE VOLUME OF ALL THE" 
77SPRINT"NAILS BY THE NUMBER OF NAILS$ MULTIPLY THIS BY THE DENSITY" 
78OPRINT"OF THE METAL AND YOU GET’K" GMS FOR THE MASS OF ONE NAIL" 
785GOSUBI186@ 

796GO0SUBI174@ 

828 GOTO6SB 

818GOSUB1419 

82SPRINT 

S83QPRINT | 

S49B=B+ | | 

S5OPRINTB") A SHEET OF LEAD "R(10)+48"CM LONG AND "RC1G)+15"CM WIDE" | 
86SPRINT"WEIGHS “RC11)+308"GMSe LEAD'S DENSITY IS 11-3 GM/CCe. HOW" we, 
87S3PRINT" THICK IS THE LEAD SHEET?" = 
88SPRINT\PRINT\GOSUB147@ 

9ISPRINT’" ANSWER IN CM="'3 
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92GINPUT.Z | 

930K= (RC 114360) /11-3/(CRC 18) 415) *CRC 18) +49) 
Q4B8IFABS(Z-K)<-G24*KTHENIG3@. 

9696 0SUB13796 | | | | 
S9GPRINT“FIND THE VOLUME BY M/D3 THEN FIND THE AREA3 THEN DIVIDE THE” — 
IGBGPRINT"AREA INTO VOLUME TO GET THE THICKNESS» "K"CMe" _ 
IGASGOSUBI8S9O | 


1616G0SUB1746 QUESTION D (840 - 1050) 
18266 0T0839 le cailaans inekee a air ls 
IO36GOSUB1416 

IOASPRINT 

JOS@PRINT 


1969B=B+ 1 a : 
167@$PRINT B") IF"RC13)"ML OF GASOLINE. WEIGH" »78*R(13) "GMS» WHAT VOLUME” 
I@S8SPRINT"OF GAS WOULD YOU NEED FOR "1@06*(R¢T2))"GRAMS?" 
JA9SPRINT\PRINT\GOSUBI47@ 

AL2ESPRINT"ANSWER IN ML=""3 

4138 INPUT Z | 

II4GK= 199*(RC12))/078 

JIS@IFABS(Z-K) <.92*KTHEN1 249 

1170GOSUB1I376 

12A@9PRINT“ONE ML OF GAS WEIGHS" .78*R(13)"GMS DIVIDED BY "RC13)"ML" 
J21GPRINT*"OR .78 G/CC. DIVIDING THIS INTO THE MASS GIVES"K"ML” | 
1215GO0SUBI1806 

12296 0SUB1746 QUESTION E (1060 - 1260) 
1239GO0T0185S ~~ ——— 
1246 GOSUBI419 

1255PRINT 

126GPRINT 

1261I1FX=8THEN127@ END PROGRAM IF NO ERRORS TO THIS POINT 

ernie RESTART IF 9 QUESTIONS OR LESS | 
JE7A@PRINT“OKAYs "3 — ) 

127 1GOSUB388¢ 

1275PRINT"., YOUR SCORE IS “INT CCBOX) /B* 108+ ©85)#10) 7102 0" 
128OPRINT\PRINT\ PRINT\STOP pea SCORE AND STOP 

137 OX=X+1 | 

138GPRINT”"NO-" | . \aaniy ERROR SUBROUTINE 

3496 RETURN | : 

J41@FOR E=1 TO 5 ~~ ee | | 
J42GPRINT CHRS(135)3 RING BELL, PRINT "RIGHT" ON CORRECT ANSWER 
1438 NEXT E ican ie eg ee eg 
JA4OPRINT“RIGHT!!" 

1456 PRINT 

1468 RETURN 

1A7OPRINT"WANT SOME HELP WITH THE MATHCY OR ND"3 

J48@INPUT $Z | 

1498: PRINT 

14951 FZ=#NTHENL72¢6 

ISOOLFZ=89THENI516 — 

JSOSPRINT"PLEASE ANSWER Y OR N* 

1526G0T01476 

1518 PRINT"MULTIPLICATION OR DIVISION?(M OR D3 

1538 INPUT $2 

I5S35PRINT om | Fees aS em ed 

j5S4@ IF Z=77 THEN 163¢ MATH HELP SUBROUTINE 

A541IFZ=4D THENIS5@ 

1SA2PRINT"PLEASE ANSWER M OR D"3 

1543G0TO0153¢ 

ISS@PRINT"WHAT IS THE DIVISORS 
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1568 INPUT D1 l 
AS7OPRINT"WHAT IS THE DIVIDEND"; 
IS8GINPUT De 

IS9OPRINTD2"/"D1"="D2/D1 

I66OPRINT"’NEED ANY MORE HELP?¢(Y OR N)D*$ 
~1628G0T01486 

J63O0PRINT" FIRST NUMBER" $ 

J64OBINPUT W 

1659PRINT" SECOND NUMBER"3 

I660INPUTW1 

AZ1IOPRINTW"X"Wil"'="WsWl 

I7T29GOTO16EBS 

A73@RETURN 

I74OFORI=1TO14 a 
AZ6GRC1)=INTCRNDC 1) #49041) /16 CHOOSE ALL 14 VALUES FOR THE PROBLEMS 
177@ NEXT 1! MOVE ge GR ny Hee wee ean tgy We rtm me fee Me Gee a aap, 
178@ RETURN , | | 
IS@GPRINT\PRINT\PRINT*STUDY THATs THEN PRESS ‘RETURN* e“\ INPUTSZ\RETURN 
38GSFORJ=8TOS | 

mi heats PRINT FIRST NAME OF STUDENT 

383 GRETURN 

4QGBEND 


READY 


DEFINITION OF VARIABLES: 

P, M, S - used in setting up student's name 

B - the number Of questions asked so far 

R(1)-R(14) - the random values generated for use in the problems 
2 - the student's response to the current question 


K - the correct answer 


MODIFICATION NOTES: 
1. TO LIMIT THE PROGRAM TO ONE RUN THROUGH THE FIVE QUESTIONS 
- Delete statements 1261 and 1265 
(the score will be printed after all five questions 
have been answered correctly once, regardless of 
the number of errors.) | 
2. TO BYPASS THE MATH HELP SUBROUTINE 


.« Change statement 800 to read: 
. goo RETURN - 
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III: ELECTRON 


DESCRIPTION 


The questions in this exercise provide drill in identifying the 
number of electrons having principal quantum numbers 1, 2, 3, or 
4 in elements with atomic numbers from l1 - 22. 


DISCUSSION 


QUESTION FORMAT: This exercise poses one basic question of the 
form, , | | 


HOW MANY K ELECTRONS IN AN ATOM WITH 17 PROTONS? > 


The letter designating the shell, or principal quantum number 

varies at random among K,L,M and N and the number of protons 

is varied randomly from 1 - 22. If the student responds ‘incorrectly, 
the same question is restated in this form: 


THE ATOMIC NUMBER IS 17 AND WE! RE ASKING HOW MANY 
ELECTRONS IN ENERGY LEVEL 1? 


If the second response is incorrect, the right answer is given 
followed by another question. A concise explanation of the 
principles involved is given if a student makes as many as three 
errors. 


SCORING: The score is printed after every ten questions, and the 
student has the option to stop or continue. If the student decides 
to continue, his score is cumulative. : 


The score is computed as follows: 


C-~X x 100% 





where C = total number of questions 
X = number of incorrect responses ‘times .5 


PREPARATION 


BACKGROUND: Students should understand how to write electron 
arrangements according to energy levels. For example: (2 - 8 - 8 - 1) 
for potassium atomic number 19. | 


TIME REQUIREMENTS: Approximately 20 minutes/student 
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DOCUMENTATION 
SAMPLE RUN: 


RUN 
ELECTR CANTERBURY 


PLEASE TYPE YOUR FULL NAME. 


TAGHI GHARAGOZLOU 


THIS EXERCISE DEALS WITH THE NUMBER OF ELECTRONS IN EACH OF 
THE FIRST FOUR ENERGY LEVELS» NOTE THAT ELECTRONS IN THE 
FIRST ENERGY LEVEL ARE REFERRED TO AS 'K' ELECTRONS, THOSE IN 
THE 2ND ARE CALLED 'L's THOSE IN THE 3RD - "M's AND ELECTRONS 
IN THE 4TH ENERGY LEVEL ARE CALLED 'N* ELECTRONS. 


1 »« HOW MANY K ELECTRONS IN AN ATOM WITH 8 PROTONS?4 


NO =- 


“TRY AGAIN «+ THE ATOMIC NUMBER IS & 
AND WE'RE ASKING HOW MANY ELECTRONS ‘IN ENERGY LEVEL 1 76 


NO ~ 
THE ANSWER IS 2 .- 
2 e¢ HOW MANY M ELECTRONS IN AN ATOM WITH 8 PROTONS?8 


NO - 


TRY AGAIN = THE ATOMIC NUMBER IS 8 
AND WE'RE ASKING HOW MANY ELECTRONS IN ENERGY LEVEL 3 28 


RIGHT !! : | 

YOU'VE MADE 3 MISTAKES SO FAR - IF YOU'D LIKE A LITTLE 
HELP, TYPE Y3 IF NOT TYPE N 

Y | | | 

OKAY. THE FIRST ENERGY LEVEL (K) CAN HAVE EITHER 1 OR 2 
ELECTRONS - NO MORE! .« THE NEXT 8 GO INTO THE 2ND LEVEL (L). 
THUS ABOVE ATOMIC NUMBER 198, YOU FIND ELECTRONS IN THE 3RD (M) 
LEVEL, AND IT WILL ALSO TAKE UP TO 8 BEFORE ANY SHOW UP IN THE 
4TH (N) LEVEL. THAT MEANS THAT THE 4TH LEVEL STARTS FILLING AT. 
ATOMIC NUMBER WHAT?19 — 


SO THAT MEANS THAT THE ELECTRON ARRANGEMENT IN 
CALCIUM, ATOMIC NUMBER 20. IS 2-8-8-2. 
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STUDY THAT MUCHs, THEN PRESS ‘*RETURN’. 

BETWEEN ATOMIC NUMBERS 21-398 THINGS GET A BIT COMPLICATED, 
WITH MORE ELECTRONS SHOWING UP IN THE 3RD LEVELe VANADIUM, 
FOR EXAMPLE, ATOMIC #23, HAS ITS ELECTRONS ARRANGED 2-8-11-2-6 
SO IN OTHER WORDS, THE 3RD (M) LEVEL CAN HOLD 8, UNLESS THERE 


ARE ELECTRONS IN THE 4TH (N) LEVEL, IN WHICH CASE IT CAN GO UP 
AS HIGH AS 18-6 


OKAY, IF YOU ARE READY TO GO» PRESS '*RETURN'. 


3. HOW MANY L ELECTRONS IN AN ATOM WITH 7 PROTONS?5 


RIGHT! ! 


4 « HOW MANY L ELECTRONS IN AN ATOM WITH 12 PROTONS?5 


RIGHT !! 


5 »« HOW MANY M ELECTRONS IN AN ATOM WITH 13 #£PROTONS?3 


CORRECT! ! 


6 »« HOW MANY M ELECTRONS IN AN ATOM WITH 4 PROTONS?@ 


CORRECT I! 


7 «© HOW MANY M ELECTRONS IN AN ATOM WITH 2 PROTONS?6 


RIGHT! ! 


8 » HOW MANY L ELECTRONS IN AN ATOM WITH 14 PROTONS?8 


RIGHT!! 


9 e« HOW MANY L ELECTRONS IN AN ATOM WITH 7 £=PROTONS?5 


RIGHT! ! 


18 « HOW MANY L ELECTRONS IN AN ATOM WITH 17 PROTONS?8 


RIGHT! ! 


OKAY. TAGHI YOUR SCORE IS NOW 85 %- 
MORE QUESTIONS?(Y OR N) 


No 
READY 
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PROGRAM LISTING: 


5G 0SUB158@ 
&PRINT\PRINT ; 
A@PRINT"THIS EXERCISE DEALS WITH. THE NUMBER QF ELECTRONS IN EACH OF“ = 
JIPRINT"THE FIRST FOUR ENERGY LEVELS. NOTE THAT ELECTRONS IN THE" 
12PRINT"FIRST ENERGY LEVEL ARE REFERRED TQ AS 'K* ELECTRONS, THOSE IN" 
13PRINT"THE 2ND ARE CALLED 'L*, THOSE IN THE 3RD°- "M's, AND ELECTRONS” 
J4PRINT"IN THE 4TH ENERGY LEVEL ARE CALLED 'N’ ELECTRONS.” 

I6RANDOMIZE 

19PRINT 

20Y=6 

21IFX>1THEN658 OFFER HINTS IF STUDENT HAS MADE 3 ERRORS 

22PRINT 

3AC=C+I\IFC=1THEN32 INCREMENT QUESTION COUNTER, SEE IF 
SLIFCC=1)/1Q=INTC(C=1)/18)THEN67@ J$10, 20, 30..-HAVE BEEN ASKED 
| 32R=INTCA*RND(1)+75) PICK PRINCIPAL QUANTUM NO. 

33PRINT ee ee 

34Q=INT(22*RND(1))+1 PICK ATOMIC NO, 

38I1F R=75 THEN75@ 

S9IF R=76 THEN 808 \ BRANCH TO PROPER SECTION TO COMPUTE ANSWER 
4QIF R=77 THEN85@ SS 
41IF R=78 THEN99O | | : 
S@PRINTC™. HOW MANY “CHRSCR)" ELECTRONS IN AN ATOM WITH "Q" PROTONS" 

5 1INPUTZ | 


S3PRINT ACCEPT AND EVALUATE STUDENT'S ANSWER 

691 FZ=KTHEN29G a aaa ame 

65G OSUB702 | 

7OIFY=2THENI5@ a 
72Y=1 , 
89PRINT" | TRY AGAIN - THE ATOMIC NUMBER IS "@ Y 


SIPRINT"AND WE'RE ASKING HOW MANY ELECTRONS IN ENERGY LEVEL "“R-743 

966 0T051 

ASQIFK=OTHENL6B SELECT APPROPRIATE COMMENT FOR INCORRECT RESPONSE 
151 IFK=8THEN176 fA ee ee ee a ee 
IS3PRINT"THE ANSWER IS "K"™."\GOTO2G | 
16@PRINT"THE ANSWER IS @ - THERE ARE NO ELECTRONS IN THE "CHRSCR)" SHEL 
161G0T022 | 
I7@PRINT"THE ANSWER IS 85 SINCE THE "CHRSCR)" SHELL IS FULL IN THIS CAS® 
171GO0T022 

260FOR I=1 TO 7 

281 PRINT CHRS(135)3 


OBO2NEXT I RING BELL AND ACKNOWLEDGE 
263IFRND( 1)>-eSTHEN2ZION\PRINT"CORRECT!!" | RIGHT ANSWER 

294 GOT02EG 

21GPRINT" RIGHT ! I "\GOT02B 

656H 1=H1+1 

6511FH1>1THEN22 , 7} 


652PRINT"YOU'VE MADE "2#X" MISTAKES SO FAR - IF YOU'D LIKE A LITTLE” 
653PRINT"HELP, TYPE Y3 IF NOT TYPE N* | 


654INPUTS$Z | OFFER HELP, UNLESS IT'S BEEN 
655I1FZ=S9THENSSG : GIVEN BEFORE _ 

656GOT022 

67@PRINT F 

67 LPRINT" OKAY» "3 | ) ¢ % 
6726 0SUB3802 \ 
673PRINT"YOUR SCORE 1S NOW “INTCCC(C-1- X) /( C= 1)# 180+ 6B5)# 199/10" Eo" 

675PRINT | COMPUTE SCORE | 
676PRINT"MORE QUESTIONS?(Y OR N)* ——— 

677 LNPUTSZ 
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| 6781 FZ=89THENS2 
688STOP 

TAOK=EX+ oS. 

7T16Y=Y+T 

(dy alsa , TALLY INCORRECT RESPONSE 
725PRINT"NO - * Se 
739PRINT 

T4ORETURN 

75Q1F_.Q>1 THEN 754 

751K= 1 

752G0T0S@ 

T54K=2 

7556 0TOS@ 

SOBIF Q>2G0T08s4 

8B1K=2 

8B2G0TOSA 

8G4IF Q>10 THENSO8 

8B5K=Q-2 

886G0TOSA 

808K=8 

889GOTOSS 

85BH1FQ>19 GOTO854 

85 1K=4 

852G0T0SA COMPUTE CORRECT ANSWER 

854IF Q>18 GOTOSED eee anaes ieee 
8SSK=Q-10 

856G0TUSS 

S6Q1F Q>29 THEN 878 

86 1K=8 

862 GOTOSB 

87 AK=Q- 12 

87 1GOTOSB 

98BIF Q>18 GOTO91 

—981K=6 

9A2G0TOSB 

9IBIF Q>29G0T092 

911 K=Q- 18 

912G0TOSa 

92BK=2 

921G0TOS@ 

9SAPRINT : 
OSIPRINT"OKAY. THE FIRST ENERGY LEVEL (K) CAN HAVE EITHER 1! OR 2" 
‘952PRINT"ELECTRONS ~ NO MORE!. THE NEXT 8 GO INTO THE 2ND LEVEL (L)." 
953PRINT"THUS ABOVE ATOMIC NUMBER 18, YOU FIND ELECTRONS IN THE 3RD (M)" 
9S4PRINT"LEVELs, AND_IT WILL ALSO TAKE UP TO 8 BEFORE ANY SHOW UP IN THE” 
95SPRINT"4TH (N) LEVEL» THAT MEANS THAT THE ATH LEVEL STARTS FILLING A? 
9S6PRINT"ATOMIC NUMBER WHAT" \INPUTZ 

957 IFZ= 19THENS6G\PRINT"NO, THE ANSWER 1S 19+ THE 4TH LEVEL STARTS TO" 
9S8PRINT"FILL WHEN THERE ARE 2 IN THE 1ST» 8 IN THE 2ND, & 8 IN THE 3RD¥ 
96@PRINT\PRINT\PRINT"SO THAT MEANS THAT THE ELECTRON ARRANGEMENT IN" 
961PRINT"CALCIUM, ATOMIC NUMBER 28, IS 2-8-8-2."\PRINT\PRINT 
962PRINT"STUDY THAT MUCH, THEN PRESS "RETURNY .“\INPUTSZ 

963PRINT 

965PRINT"BETWEEN ATOMIC NUMBERS 21-3@ THINGS GET A BIT COMPLICATED, " 
966PRINT"WITH MORE ELECTRONS SHOWING UP IN THE 3RD LEVEL. VANADIUM." 
967PRINT"FOR EXAMPLE, ATOMIC #23, HAS ITS ELECTRONS ARRANGED 2-8-11-2." 
968PRINT’SO IN OTHER WORDS,» THE 3RD (M) LEVEL CAN HOLD 8. UNLESS THERE” 
969PRINT"ARE ELECTRONS IN THE 4TH (N) LEVEL, IN WHICH CASE IT CAN GO UP” 
97BPRINT'AS HIGH AS 18." | | 

97 1PRINT\PRINT\PRINT“OKAYs IF YOU ARE READY TO GO, PRESS 'RETURN'." 
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973 INPUTSZ 

97 4G 0TO022 

“IS@BPRINT 

ISIGDIMPC 40) 

IS2ES9PRINT' PLEASE TYPE YOUR FULL NAMEe™ : ° 

I525PRINT ACCEPT NAME 
AS27INPUTSPCM) 

AISSGIFPCM)=32THENIS 4G 

ASS5SIFPCMI=LIS3THENISSG 

I536GOTO01541 

IS4GP1=M_. 

154 1M=M+] 

1545G0T01527 

AI55SPRINT 

1I56Q8RETURN 

S6GGFOR J=8TOP1 | 

S3@1O@PRINTCHRSCPCJ))5 PRINT FIRST NAME 
3H02SNEXTJ eo 
3B3GRETURN 


468GEND 


READY 


DEFINITION OF VARIABLES : 


R = 


~ O KK RK 
| 


P,M, 


the principal quantum number +74, to yield the ASCII code for 
the letters K,L,M,N 


the number of questions asked so far 

the student's response to any question 

the correct answer 

error counter for current question 

the atomic number of the element in question 

the point value of the errors (.5 times the number of mistakes) 


Pl - used in setting up student's name 


MODIFICATION NOTES: 


1. TO MAKE SCORE CUMULATIVE ONLY FOR ONE 10-QUESTION SEQUENCE 


Change statements 20 and 678 as follows: 


20 Y = ONX = 0 
678 IF Z = 89 THEN 20 
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( 2. TO CHANGE TERMINOLOGY FROM K,L,M,N SHELLS TO QUANTUM NUMBERS 


- Delete statements 10-14 
- Change the following statements to read: 


32 R=INT (4*RND(1) +1) 

38 IF R=1 THEN 750 

39 IF R=2 THEN 800 

40 IF R=3 THEN. 850 

41 IF R=4 THEN 900 ) oe 
50 PRINT C". IN AN ATOM WITH "Q" PROTONS, HOW MANY ELECTRONS 


HAVE A™ ‘ 

51 PRINT "PRINCIPAL QUANTUM NUMBER OF "Ry 

52 INPUT Z 

81 PRINT "AND WE'RE ASKING HOW ladles ELECTRONS IN ENERGE 
LEVEL "R; 


160 PRINT "THE ANSWER IS O - THERE ARE NO ELECTRONS IN LEVEL 5 ae 
170 PRINT "THE ANSWER IS 8, SINCE LEVEL "R" IS FULL IN THIS CASE." 
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IV: ATOM 


DESCRIPTION 


The student is given the atomic number and mass number of an 
element which lies between LITHIUM and TITANIUM on the periodic 
table. The sequence of questions asks him to describe the | 
structure of this atom in terms of the number of protons, neutrons 
and electrons in various s and p orbitals. 


DISCUSSION 


QUESTION FORMAT: The atomic number of an element is selected at 
random from among the integers between 3 and 22. A logical mass 
number is also selected at random. The dialogue starts as follows: 


CONSIDER THE ATOM WHOSE ATOMIC NUMBER IS 15 AND 

WHOSE MASS NUMBER IS 31 
Then the following questions are asked one at a time: 

(A) HOW MANY PROTONS DOES IT HAVE? 

(B) HOW MANY NEUTRONS? 

(C) 2S ELECTRONS? 

(D) 3P ELECTRONS? 

(E) 2P ELECTRONS? 

(F) HOW MANY VALENCE (OUTER SHELL) ELECTRONS? 
SCORING: When a question is answered correctly, the program 
proceeds to the next question in the sequence, until all the 
questions have been asked. Then the sequence starts again 
for a second atom. 
If an answer is incorrect, a second trial is allowed but the 
error is tallied. If the second response is wrong an explanation © 
of the correct answer is provided, and the sequence starts again 
from question (A) with a new atom. 
The score is computed after question F has been answered and 


at least ten questions have been tried. A unique score is 
tabulated for each sequence of problems. 
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The score is formulated as follows: 


Cl x 100% 
Cc 


number of correct answers 


where Cl 
. ‘total number of questions 


2 


How 


PREPARATION | 
BACKGROUND: Once the class has covered atomic number, mass 
number, S and p orbitals, and the meaning of the term "outer 


shell" electrons, this exercise can be assigned. Students 
should be advised that: 


(1) all atoms are in eee ground state. 


(2) g is a legitimate answer to the questions regarding 
the number of electrons in many cases (for example, 
4p electrons in carbon) 


MATERIALS: Periodic table (recommended) 
- ‘TIME REQUIREMENT: Approximately 15-20 minutes/student 
- DOCUMENTATION 


SAMPLE RUN: 


RUN 
ATOM CANTERBURY 
A i ile M 1 Ee ¢ ‘STRUCTURE 


ZS HK PK DK HK DK HK HK DK DK DK DK DK HK PS DK HK DEL DK DK DK DK HK DK OSD 
PLEASE TYPE YOUR FULL NAME. 


DEMOCRITUS 
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CONSIDER THE ATOM WHOSE ATOMIC NUMBER IS 12 
AND WHOSE MASS NUMBER IS 26 - 


HOW MANY PROTONS DOES IT HAVE?12 
RIGHT!! 


- HOW MANY NEUTRONS?12 
NO-TRY AGAIN. 


HOW MANY NEUTRONS?26 
NO - NEUTRONS + PROTONS = MASS NUMBERS IF THERE ARE 12 
THERE MUST BE 26 - 12s OR 14 NEUTRONS. 


STUDY THATs, THEN PRESS '‘RETURN'® 


CONSIDER THE ATOM WHOSE ATOMIC NUMBER [IS 9 
AND WHOSE MASS NUMBER IS 21 - 


HOW MANY PROTONS DOES IT HAVE?9 
RIGHT!! 


HOW MANY NEUTRONS?712 
RIGHT!! 


| OKAYs HOW ABOUT THE NUMBER OF 3 S ELECTRONS?2 
RIGHT!! 


4 P ELECTRONS?@ 
RIGHT!! 


2 S ELECTRONS2@ 
NO-TRY AGAIN. 


2 S§ ELECTRONS?7 | 
THERE CAN ONLY BE 1 OR 2 *S* ELECTRONS PER EN. LEVEL 
HERE THERE ARE 2 2 § ELECTRONS 


STUDY THATs, THEN PRESS *RETURN' 


; 
CONSIDER THE ATOM WHOSE ATOMIC NUMBER IS 298 
AND WHOSE MASS NUMBER IS 486 « 


HOW MANY PROTONS DOES IT HAVE?2@ 
RIGHT! ! 
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PROTONSs 


HOW MANY NEUTRONS?72@¢ 
RIGHT! ! 


OKAYs HOW ABOUT THE NUMBER OF 4 P ELECTRONS?@ 
RIGHT! ! 


2 S ELECTRONS?2 
RIGHT!! 


2 P ELECTRONS ?6 
RIGHT! ! 


HOW MANY VALENCE (OUTER SHELL) ELECTRONS?2 
RIGHT!! : 


OUT OF 27 QUESTIONS, D YOUR SCORE IS 63 Ze 
WANT SOME MORE QUESTIONS CY OR N)?N 


READY 


PROGRAM LISTING: 


if PRINT"A a. 0 M I CG 


STRUCTURE" 


LIPRINT "<>< >< >< >< >< >< >< >< >< >< DK DK DK DK DK DK DK DK DK DK DOK DOK DKK DK Dm 


156 0SUB1596 
16RANDOMIZE 

28GO0SUB 496 

21REM ESTABLISH AsMs Nos QlsQ25V 
25PRINT 

26PRINT 


SAPRINT"CONSIDER THE ATOM WHOSE ATOMIC NUMBER IS “A 


3IPRINT’AND WHOSE MASS NUMBER IS "M".* 
32PRINT 

S33PRINT 

49G OSUB5S36 

58G OSUB64¢8 

1929 T=0 - 

AGIPRINT“HOW MANY PROTONS DOES IT HAVE"S 
1G2 C=C+1 , 

ISBSINPUT R 

JIBIF R=A THEN 139 

MLIIF T=1 THEN 126 

112G0SUB 782 

115G0 TO 191 


12QPRINT"NO- THE ATOMIC NO.= THE NUMBER OF PROTONS, 


| L21GOSUBI88S8 
125G 0T0789 
136GOSUB 759 
AI3SPRINT 
149 T= 
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PRELIMINARY SET-UP 


QUESTION A 


sO "Av" IS THE ANSWER 


JAIPRINT"HOW MANY NEUTRONS" 

J4A2C=C+1 

J4SINPUT R-. 

IS@IF R=N. THEN 178 

151 IF T=1_THEN 1680 

AS2 GOSUB. 798d QUESTION B 

155 GOTO 141 | eo ae . | 
J6GPRINT“NO - NEUTRONS + PROTONS = MASS NUMBERS IF THERE ARE "A" PROTONS 
I61PRINT*’ THERE MUST BE "M* - “AY, OR “N* NEUTRONS." . 
162G0SUBI1989@4 

AJ6SPRINTNG OTO029 

178GOSUB 758 

I75PRINT | 

AT6PRINT“QKAYs HOW ABOUT THE NUMBER OF "S 

A179 FOR S1 =1 TO 3 

184 T=3 | 

I81IF Q2=2 THEN 185. 

IS2PRINT..QI"° S ELECTRONS"s 

183 GOTQ19GZ 

ISS5PRINT Q1"° P ELECTRONS”s; 

ISAINPUT_R 

191 C=C+] 

192 IF R=E THEN 2998 

4193 IF T=1 THEN 206 

1946 0SUB7.82 | 7 

1I95GOTO 181 _ QUESTIONS C, D, E. 
26@IF Q2=2 THEN 2268 | eee ee ee 
282PRINT“ THERE CAN ONLY BE 1 OR 2 'S* ELECTRONS PER ENe LEVEL” 

263 PRINT" HERE THERE ARE” E* ~ ®Q1" S ELECTRONS” 

2846 0SU8 1888 . 
2198PRINT\NGOTO26 

220I1F R>6& THEN 252 

221 IF L>Qj] THEN 246 

222 IF L<Q1 THEN 2386 

223 IF VW>2 THEN 226. 

224PRINT*WITH ONLY"V"ELECTRONS IN THIS SHELL THERE ARE NO P ELECTRONS” 
225G 0SUBIBSAZ\GOTO788 > 

226PRINT“WITH 2"OQ1"S ELECTRONS THERE ARE “E” "Qi" P ELECTRONS" 
227GOSUBIGBB\GOTO7T8O | 

236PRINT’THIS ATOM HAS NO ELECTRONS IN THE "“@1" ENERGY LEVELI!I!i9:" 
232 PRINT 

233PRINTN\GOTO2B6. 

24GPRINT“THE” QL" ENERGY LEVEL IS FULL» SO IT CONTAINS 2" @Q1 
242PRINT"S ELECTRONS AND 6 “Ql " P ELECTRONS" 

243GO0SUBISOGNGOTO7SA. 

25@PRINT’"NG - YOU NEVER HAVE MORE THAN 6 P. ELECTRONS IN ONE LEVEL" 
2S1PRINT"IN THIS CASE THERE ARE “E* ELECTRONS” | 

2526 0SUB1 888 

255G0T078¢ ._ 

298 GOSUB 759 

291Q¢CS1)=Q1 

295 GOSUB 886 

296 GOSUB 445 

297GO0SUB 680 

298 NEXT S1 

384 T=. 

3Gi1C=C+]1 

362PRINT"HOW MANY VALENCE COUTER SHELL) ELECTRONS" s 

SB3INPUT R 

365 IF R=V THEN 377 

346 IF T=1 THEN 3290 
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314 GOSUB 780 
311PRINT’REMEMBER - THE ATOMIC NUMBER IS “A'." 
312 GOTO3@1 | 

328 IF L=4 THEN 36@ 

321 IF L =3 THEN 35¢ 
322 IF L=2 THEN 348 

323 PRINT“THIS ATOM HAS “V" ELECTRONS IN ITS OUTER SHELL" ms 
325PRINT | ( -, 
326 GOTO38@ 

34QPRINT”’ TWO ELECTRONS IN THE K SHELL LEAVES "UV" IN THE OUTER SHELL" 





341GO0SUB190@ 

343G0T0380 + ee 

S5@PRINT"TWO IN THE Ks 8 IN THE L SHELL LEAVES “V" IN THE OUTERMOST" 

35 1GOSUB1999 

3556 0T0380 | ‘ 
36A1F A>29 THEN 379 


361PRINT"2 IN THE "K's 8 IN THE "L's, 8 MORE IN THE "M's, LEAVES "Vv 
362PRINT"FOR THE OUTERMOST SHELL*® 

365 GOTO 389 | 
378PRINT"THIS IS A TRANSITION ELEMENT WITH 2 IN THE OUTSIDE LEVEL" 
375PRINT 

376GOT038¢ 

377 GOSUB 758 

38GIFC< 12ETHEN2S 

38 IK=K+ l 

385PRINT"OUT OF "C™ QUESTIONS, "3 

386G OSUB3 808 “) 

387 PRINT" YOUR SCORE IS “INTCC (C1 /C¥199)4+e85)*19)/10"%%~." 
388PRINT"WANT SOME MORE QUESTIONS CY OR NY?*3 

389INPUTSZ COMPUTE, PRINT SCORE 
39ZPRINT mene enemies 
39 1IFZ<>89THEN395 | ia 
392X=O8\C 1=8\C=G 

393G0T026 | VY 
395 STOP 

46GREM TQ SELECT AsNsMs Q1 (CPRIMARY QUANTUM NO. AND) Q2 CSEC) 

405 A=INTC26*RNDC1))+3 PRINCIPAL ATOMIC NO. BETWEEN 3-22 

A1lS I=INT(6*RND(1))-2 
A2GN=A+1 COMPUTE MASS NUMBER 

425M=A+N 

439 Q2=INTC2*RND(1))+1 SEC. QUANTUM NO. 

445Q1=INTCRNDC1)*3)4+Q2 #$PRINCIPAL Q. NO. 

4461 FQ1=Q¢1)THEN4SAS 

45@RETURN 

588 REM TO DETERMINE V (VALENCE ELECTRONS) 

S@1IF A>2 THEN 518 

592L=1 

563V=8 4 
SAHAGOTO552 i 

518 IF A>198 GOTOS2¢ | | 
$12 _.L=2 | € 
514V=A-2 

516GOTO55@ | 7 

S2EGIFA>18 GOT0530 DETERMINE NUMBER OF ELECTRONS IN 

522 L=3 OUTERMOST OCCUPIED ENERGY LEVEL 

S24V=A- 10 | 

S526GOTO 55¢d 

530L=4. : % 
S32IFA=19 THEN 546 : | rs 
534 v=2 | 
536 GOTO55¢@ 

54gv=1 | 

550 RETURN 
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600 REM ELECTRON DETERMINATION 
602 IF Q1>L THEN 688 
604 IF QI<L THEN 669 
696 IF V>2. THEN 649 
698 IF Q2>1 THEN 682 
616 E=V 

628 GOTO 6998 

646 IF_Q2=1 THEN 658 


641 E=V-2 | 
645 GOTO 696 DETERMINE ANSWERS TO QUESTIONS C, D, E | 
658 E=2 - 


655G0TO 692 

669 IF Q2=1 THEN 675 
665E=6 

667 GOT069G 

67G1F Qli=1 THEN 686 
675 E=2 

677 GOT069G 

680 E=@ 

698 RETURN 

72@REM. WRONG ANSWER SUBROUTINE 

761 T=1 

782X=X+ 1 

TOS51F RND( 1) >e25THENT71@_ 

7GQ@PRINT"THAT’S WRONG, "3 

7187G O0SUB3886 | 
7@8PRINT" THINK ABOUT IT- THEN TRY AGAIN." 
7TO9GOTO7Z1I5 — 

7TIGPRINT"NO-TRY AGAIN." 

TLIPRINT 

715RETURN 

75@REM RIGHT ANSWER SUBROUTINE 

751 FOR F=1 TO 7 

752PRINT CHRS$C135)3 





FOR EACH WRONG ANSWER 





753 NEXT F FOR EACH RIGHT ANSWER 
754PRINT"’RIGHT!I!" | po ae . ¥ . 
755 PRINT... 

756C1=C1l+1 

T69RETURN 

788G0T02@ 

ia TO PREVENT DUPLICATION IN 

862 GOTOSGA QUESTIONS C, D & D, E 

883 Q2=2 . | | # 2 

864 RETURN 


19SSPRINT\PRINT\PRINT"STUDY THAT, THEN PRESS "RETURN'"\INPUTSZ\RETURN 
IS@GPRINT | 
1S 1ODIMPC4Q) “3 
1S2OPRINT"PLEASE TYPE YOUR FULL NAME." 
AS25PRINT > 
1527 INPUTSP(M) 
A1S3@I1FP(M)=32THENI546 
_ IS351FP(M)=13THENI55@ 
1S36G0TO1541 
1S49P1=M 
154 1M=M+) 
1545G0T01527 
155OPRINT 
1569RETURN 


INPUT NAME 
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S9AGFOR J2O9TOP1 
S@IS@PRINTCHRS (PCJ) )3 


302 ONEXTY | 7 PRINT FIRST NAME 
3S3GRETURN | | ! | 
4GSGEND 

READY 


DEFINITION OF VARIABLES: 

A ~ the atomic number of the element in question 

M - the mass number 

N - the number of neutrons | 

I - used in computing the mass Atibar’- ivaries from -2 to 3) 


Ql - the primary quantum number (between La) for impos, 
concerning electrons 


Q2 - the secondary quantum aunber eiteiored to 1 or 2 for s,p) 

V - the number of outer shell (valence) electrons 

T-@ unless the current question has been missed once 

C ~- the number of questions asked so far 

R = the student § response 

Sl - counter for number of electian Ree (varies 1 to 3) 
_E =- the number of electrons to answer a C-E 

L = the period of the current element 


F - used to ring the bell on teletype for correct answers 
P,M,P1 ~ used in setting up student's name 
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a MODIFICATION NOTES: | 
U - 1. TO CHANGE THE NUMBER OF QUESTIONS 
. Change statement 380 (current nonbex is 10) 
2. TO CHANGE THE NUMBER OF QUESTIONS CONCERNING s, p ELECTRONS 
- Modify statement 179 (eurrent number is 3) | 


3. TO ELIMINATE STARTING OVER AFTER EACH ERROR 


STATEMENT NUMBER MODIFICATION 
125 GO TO 135 
165 GO TO 175 
210 (DELETE) 
225 (DELETE) 
243 | (DELETE) 
255 (DELETE) 

ST, 227 | GO TO 291 
233 GO TO 291 
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V: PERIOD 


DESCRIPTION 


This exercise gives students practice in using the periodic 

table and applying the Periodic Law. The questions require an 

understanding of the relationships which exist between elements 
and their position in the periodic table. | 


DISCUSSION 


QUESTION FORMAT: The chemical elements are selected at random 
from periods 2 - 6, excluding the transition and rare earth 
elements. The questions are of the following form: 


(A) GIVE THE ATOMIC NUMBER OF ANELEMENT WITH PROPERTIES 
LIKE ELEMENT # 11. 


(B) IS THE IONIZATION ENERGY OF ELEMENT 16: GREATER OR 
LESS THAN THAT OF ELEMENT 34? 


(C) GIVE THE ATOMIC NUMBER OF AN ELEMENT WITH THE SAME 
NUMBER OF OUTER SHELL ELECTRONS AS ELEMENT NUMBER 56. 


(D) IS THE IONIZATION ENERGY OF ELEMENT 20 GREATER OR 
LESS THAN THAT OF ELEMENT #.19? : 


(E) WHAT IS THE MOST PROBABLE OXIDATION STATE FOR ELEMENT 
# 12? 


The pair of elements in (B) are from the same group, those in 
(D) are from the same period, and the element in (E) is from 
Group I, I1, IIIA, VIA, or VII. 


An explanation is given each time a question is answered incorrectly; 
then the same question is asked again using a different element. 

The entire sequence (questions A to E) is presented twice before 

the score is given. A student who scores less than 85% on this 
exercise is considered unsuccessful and the sequence starts over. 


SCORING: The score is computed as follows: 


Q-X x 100% 





total number of questions asked 
number of errors 


where Q 
x 


i wt oO 
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PREPARATION 


BACKGROUND : This exercise may be assigned as soon as class 
discussions have covered periodicity, ionization energy and 
the concept of oxidation state. 7 


MATERIALS: Periodic table 


TIME REQUIREMENT: Approximately 20 minutes/student 


DOCUMENTATION 


SAMPLE RUN: 


RUN 


PERIOD CANTERBURY 


USE A PERIODIC TABLE TO ANSWER THESE QUESTIONS 


PLEASE TYPE YOUR FULL NAME. 


ALEXANDER STARDUST 


AN ELEMENT WITH PROPERTIES LIKE ELEMENT # 3 COULD HAVE 
WHAT ATOMIC NUMBER74 


WRONG 

TRY AGAIN-~ 

AN ELEMENT WITH PROPERTIES LIKE ELEMENT # 3 COULD HAVE. 
WHAT ATOMIC NUMBER?8 


NO-SIMILAR PROPERTIES MEANS SAME FAMILYs I+E+ SAME COLUMN! 
STUDY THAT, THEN PRESS "RETURN". 
AN ELEMENT WITH PROPERTIES LIKE ELEMENT # 34 COULD HAVE 


WHAT ATOMIC NUMBER? 16 


CORRECT 
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IS THE IONIZATION ENERGY OF ELEMENT # 8 GREATER OR 

LESS THAN ELEMENT # 16 ? 

ANSWER G OR L3L 

WRONG 

IONIZATION ENERGY DECREASES AS VALENCE ELECTRONS ARE 
FURTHER AND FURTHER FROM THE NUCLEUS. 

STUDY THATs THEN PRESS *RETURN’. 

IS THE IONIZATION ENERGY OF ELEMENT # 85 GREATER OR 

LESS THAN ELEMENT # 35 ? 

ANSWER G OR L:L 

RIGHT 

AN ELEMENT WITH THE SAME NUMBER OF OUTER SHELL ELECTRONS AS 
ELEMENT # 6 COULD HAVE WHAT ATOMIC NUMBER?1@ 

WRONG 

TRY AGAIN | 

AN ELEMENT WITH THE SAME NUMBER OF OUTER SHELL ELECTRONS AS 
ELEMENT # 6 COULD HAVE WHAT ATOMIC NUMBER78 

NO. ALEXANDER IT HAS TO BE IN THE SAME COLUMN, LIKE # 6&2 - 
STUDY THAT, THEN PRESS "RETURN*« 

AN ELEMENT WITH THE SAME NUMBER OF OUTER SHELL ELECTRONS AS 


ELEMENT # 52 COULD HAVE WHAT ATOMIC NUMBER?734 
RIGHT 


IS THE IONIZATION ENERGY OF ELEMENT # 18 GREATER OR LESS 
THAN ELEMENT # 13 2? 


ANSWER G OR L3L 


WRONG | 
IONe ENERGY GENERALLY INCREASES AS YOU MOVE TO THE RIGHT. 


STUDY THAT» THEN PRESS 'RETURN®*. 
IS THE IONIZATION ENERGY OF ELEMENT # 82 GREATER OR LESS 


THAN ELEMENT # 83 ? 


ANSWER G OR LiL 
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RIGHT 


WHAT IS THE MOST LIKELY OXIDATION STATE FOR ELEMENT # 8 72 , 


I'M AFRAID NOT. | | 
-2 1S THE ANSWER, SINCE IT FILLS AN OCTET WITH 2 ELECTRONS. 


STUDY THATs, THEN PRESS ‘RETURN® « 


WHAT IS THE MOST LIKELY OXIDATION STATE FOR ELEMENT # 37 71 





RIGHT é 
* 

7 ERRORS OUT OF 16 ISN'T TOO GOODsALEXANDER » SO TRY SOME MORE- 

a 

4 

j 

91 % IS A PRETTY GOOD SCOREs ALEXANDER 3 WANT MORE?7(Y OR N)N 

PROGRAM LISTING: 

SDIMP( 46) \RANDOMIZE ») 

ISPRINT"USE A PERIODIC TABLE TO ANSWER THESE QUESTIONS" WY 

26PRINT 

21PRINT 

25PRINT“PLEASE TYPE YOUR FULL NAME."\PRINT\PRINT 

26PRINT | 

O7INPUT $PCI)D INITIAL SETUP, ACCEPT 

38 IF PC1)=32 THEN 4@ TUDENT 'S NAME 

35 IF PCl1)=13 THEN 59 

36 GOTO41 

AGP 1=I 

AlI=I+1]1 

45G OT 027 

5OPRINT\PRINT\PRINT 

162 DIM AC5s8) 

195 wW=2 

11@ FOR I=1 TO 2 4 

115 FOR J=1 TO 8 

128 W=W+! 

125 ACIsJ)=W 

13@ NEXT J 

148.-NEXT I | ESTABLISH PERIODIC ARRANGE- 

150 FOR I=3 TO 5 MENT OF ATOMIC NUMBERS 





155 FOR J= 1 TO 2 

IST ACLaJ)=C1=2)*184d 

168 NEXT J | | oe 
162 NEXT I ) KJ 
165 FOR I=3 TO 5 > oo | \Y 
167 FOR J= 3 TO 8 

17®B ACT2J)=(1-2) #184 1OkCINTCI/5)+1) 44% CINTCI/5) +d 

172 NEXT J 


175 NEXT I 
| 42 


18G X=9 


181 Q=6 Ym fay ae yah ee te 
182 C=9 | RESET FOR STARTING OVER _ 
208 F=o | | : 
295G0SUB1876 

219 Q=Qe1 


229PRINT“AN ELEMENT WITH PROPERTIES LIKE ELEMENT eracLs a)" COULD HAVE" 
221PRINT"WHAT ATOMIC NUMBER" \INPUTZ 
222PRINT\PRINT 

235 FOR L=1 TO 5 

236IF L=I THEN 245 

249 IF Z=ACLsJ) THEN 289 

245 NEXT L 

250 IF F=1 THEN 266 

251 GOSUB 27986 

255PRINT"TRY AGAIN-" 

2566 0TO022¢0 

268 X=X+1 | “ff, Be 
265PRINT"NO-SIMILAR PROPERTIES MEANS SAME FAMILY, I.E. SAME COLUMN! 
266G O0SUB199@¢ ) 

2786 0T0285 

28 8G OSUB2758 

285 PRINT 

286PRINT _. | 

SASBGOSUB..1608 | - 

318 Q=Q+1 

S2APRINT"IS THE IONIZATION ENERGY OF ELEMENT #"ACI1lsJ1)" GREATER OR" 
321PRINT"LESS THAN ELEMENT #VACT2, S51) "2"\PRINT\PRINT 5 
33086 OSUBI82¢ 

332 IF I2>11 THEN 336 

333 K=#L. 

334 GOTO 338 

336 K=#G 7 

338 GOSUB 1889 

349 IF Z=K THEN 389 | | , QUESTION B 

358 GOSUB 27698 

S65PRINT”" IONIZATION ENERGY DECREASES AS VALENCE ELECTRONS ARE my, 
S366PRINT“ FURTHER AND FURTHER de: THE NUGLEUS « | ? 

367G 0SUB1909 | 

37 8G OTO3 88 

375PRINT 

376PRINT 

3886 0SUB27 56 

385PRINT 

386PRINT 

480 F=@ : 

465G 0SUB15a8¢0 | ‘| 

418Q=Q+1 | | | 
ALAPRINT*AN ELEMENT WITH THE SAME NUMBER QF QUTER SHELL ELECTRONS AS® 
421PRINT* ELEMENT #"*ACIsJ)" COULD HAVE WHAT ATOMIC NUMBER" 3 \INPUTZ 
A3SFOR L=1 TO 5 

AZ36IF L=I THEN 445 

437L1=L | he <a 

446 IF Z=ACLsJ) THEN 489 | QUESTION C 

445 NEXT L | pe" | 

458 IF F=] THEN 469 

451GO0SUB2700 - 

4A5SPRINT"TRY AGAIN" 

456GO0T042¢ 

46 OX=X+ 1 

A65PRINT'NOs “3 

466G0SUB3 008 


QUESTION A 
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467PRINT“IT HAS TO BE IN THE SAME COLUMN, LIKE # “ACL1s,Jd)"e" 

468GO0SUB1989 

478G0O TO. 485 

48 8G 0SUB2752@ 

A8SPRINT 

486PRINT , 
SAGGOSUBITOG . | OSS | one ae v8 VY 
919Q=O+ 1 i 

S2QPRINT"LS THE IONIZATION ENERGY OF ELEMENT #"ACIloJ1)™ GREATER OR LESS 
S21PRINT'THAN ELEMENT #"ACI1,c02)?"\PRINT\PRINT 

539GOSUB182@ 

S31IF Jl>J2 THEN 536 

S32Ks4L | 

534G0T0538 ‘e @ 
536K=9G | | 

S538G0SUB1848@ | QUESTION D 

S39PRINT 

S4g IF Z=K THEN 580 

S5OGOSUB 2700 iP wists t * a Bea, pe “eee 

S65PRINT'ION. ENERGY GENERALLY INCREASES AS YOU MOVE TO THE RIGHT." 
$66G0SUB190B : 

578G0 TO 58a 

S75PRINT 

576PRINT 

589 GOSUB 2759 

S585PRINT 

S86PRINT : | 

6QB1L=INTCRNDC1)*5+1) 

602UsINTC7*RNDC1)41) 

6Q3IFJ@=A4THEN 662 | 

6Q41F J=STHEN692 | a 
619PRINT"WHAT IS THE MOST LIKELY OXIDATION STATE FOR ELEMENT #"”ACI.J)3 =, 
6150=0+1> . 





626INPUT Z. 
638 IF J>4 THEN 633 oe 

631K=d © | | | 
63eGoTo6eaasti‘(s‘(‘(;;W.O!WOWW © NS QUESTION E 
633K=J-8 m . nF 


640IF Z=K THEN 668 
642G0SUB 27498 
644I1F K<@ THEN 648 | 
645SPRINT"NO-SINCE IT TENDS TO LOSE "Ke ELECTRONS, THE ANSWER IS +"K"." 
646G 0T045B | a 

648PRINTK" IS THE ANSWER» SINCE IT FILLS AN OCTET WITH "“-K* ELECTRONS.”™ 
659GOSUBI9OSB\GOTO68G 

6696 0SUB2752 J 

689GOT09GR 

9A2GPRINT 

9IBPRINT : 2% ay 

915IF Q<1¢. ‘THEN. 200 _ RESTART IF LESS THAN. 10 UESTIONS ASKED 
92G9I1FC/Q<.85 THEN 952 | | 

925PRINTINTC (=X) /0* 100+ -5)"2 1S A PRETTY GOOD SCOREs "3 
926G0SUB3 440 , I: 

93GPRINT“3 WANT MORE2?C(Y OR No™s > | 

O3AINPUT $2 are 





934 IF Z=89 THEN 282 
941PRINT | 

942STOP 
95@PRINTX"ERRORS OUT OF"Q"ISN'T TOO GOOD. "3 


ek. SCORE, GIVE OPTION TO START OVER, 
‘AS APPROPRIATI 
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951G0SUB3B6 
952PRINT", SO TRY SOME MORE." 
953PRINT 

954PRINT 

955G0T0186 
ISOBISINTCRND(1)*5+1) 
ISQGJ=INTCS*RND(1))+1 


1536 


RETURN 


16001 I= INTCRNDC1)*54+1) 
16261 2=INT(S*RND¢ 1)+1) 
16301F I12=11 THEN..1628 
1640J l= INTC 8*RND( 1) +1) 
165ORETURN 

A7OG1I L=INTCRND( 194541) 
1720d 1=INT(8#RNDC1)+1) 


1736 . 


ITAS 
1756 
1768 
1776 
1786 
1798 
18 98 
18 1 


IF Jl=2 THEN 1729 
IF Ji=6 THEN 1728 
J2=INT(8*RBND(1)+1) 
IF J2=J1 THEN..1759 
IF J2=6 THEN 1750 
IF J2=2 THEN 1758 
RETURN 

IF Z=#G THEN 1850 
IF Z=#L THEN 1858 


pes AN ELEMENT FOR QUESTION C 


PICK TWO ELEMENTS FOR QUESTION B, 


nr a ts NO BE BS enn 


SAME COLUMN, DIFFERENT ROWS 


PICK TWO ELEMENTS FOR QUESTION D, 


AME ROW, DIFFERENT COLUMNS 
(EXCLUDING COLUMNS II AND VI 


RESPONSE TO QUESTIONS B AND D 


LIS2GPRINT"ANSWER G OR Le"s3\INPUTSZ 
IS3OPRINT\PRINT 
I85GRETURN 


1878 


I=INTC(S*RNDC1)+1) 


AS75J=INT(7*RNDC 1) +1) 


1899 


RETURN 


| prc aw ELEMENT FOR QUESTION A _ 


19GOPRINT\PRINT\PRINT "STUDY THATs THEN PRESS *RETURN?® e "“3\ INPUTSZ 
19 1GPRINT\PRINT\RETURN 
2106 X=X+1 


2118 IF RNDC1)>.5 THEN 2726 


2712 
2715 


PRINT “WRONG* 
GOTO 2736 


2726PRINT’“I°M AFRAID NOT »* 


2738 
2748 
2756 
2755 
2768 


2765 


2776 


2775 


2776 
2786 
2798 


F= 1 

RETURN 

FOR W=!1 TO §& 
PRINT CHRS¢135)3 
NEXT _W 

C=C+] 

IF RNDC1)>-5 THEN 2788 
PRINT*CORRECT™ 
GOTO 2796 
PRINT“RIGHT™ 
RETURN 


. 309GGFORV=6TOP1 
-3G1GPRINT CHRSCPCV))3 
3G2GNEXTV 

303GRETURN 

‘AaG@6@ END 


READY 


TALLY INCORRECT A 


RING BELL, ACKNOWLEDGE CORRECT ANSWER 


PRINT FIRST NAME 
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DEFINITION OF VARIABLES: 


P,I,Pl - used in setting up student's name 


A(I,J) - the atomic number of an element in the Ith period and 
the Jth group | 
~ used in establishing the data bank of atomic numbers 
- the number of errors | | 
- the number of questions asked | ¢ 


the number of correct responses 





- the student's response 
~ the correct answer to the current question 


- used in scanning a column to check answer in questions A and C 


ty oA NN QO K S 


g unless question A or C has been missed on the first try 


MODIFICATION NOTES: 
1. TO CHANGE THE MINIMUM SATISFACTORY SCORE : pers 
- Modify statement 920 (currently 85%) | aoa 
2. TO CHANGE THE NUMBER OF QUESTIONS IN A SEQUENCE 


- Change statement 915 (currently a minimum of 10) 
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VI: COMPOSITION 


DESCRIPTION 


This exercise gives practice in working with quantitative 
relationships between the elements that compose simple binary — 
compounds. A compound is selected at random from 42 possible 
combinations of six anions and seven cations. Four questions 
are asked about the compound, concerning percent composition 
and relative number of grams and moles which combine ‘to form 
LE. c 


DISCUSS ION 


QUESTION FORMAT: A compound is selected from combinations of 
the following: 


CATIONS: SILVER, SODIUM, POTASSIUM, BARIUM, MAGNESIUM, 
CALCIUM, ALUMINUM 


ANIONS: CHLORIDE, BROMIDE, IODIDE, SULFIDE, SELENIDE, 
OXIDE 


The sequence of questions begins in this manner: 
CONSIDER THE COMPOUND FORMED BETWEEN SILVER AND OXYGEN 


The elements vary each time the program is run. The four 
questions to be answered are: 


(1) WHAT PERCENT IS SILVER? : ) 
(2) HOW MANY MOLES OF OXYGEN ATOMS COMBINE WITH *** MOLES 

OF SILVER ATOMS TO FORM IT? 3 
(3) HOW MANY GRAMS OF OXYGEN COMBINE WITH *** MOLES OF SILVER? 
(4) HOW MANY GRAMS OF OXYGEN COMBINE WITH *** GRAMS OF SILVER? 


The ions chosen provide five different types of compounds: 


AB A2B AB, AB, and AB 


2 3 

The values inserted at the *** vary within logical limits. 

When a question is answered incorrectly (more than 2 percent 
deviation from the correct answer) an explanation is given with 
the solution, and the program continues to the next question. 

If a student misses more than two questions during the exercise, 
he starts again. | 


SCORING: The score is computed as follows: 


t2 -x x 100% 





where X is the number Of incorrect answers. 
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PREPARATION 


BACKGROUND: This exercise is appropriate for students who have 
been introduced to the term ‘mole’ and formula writing. | 


Since students often want to do the problems without writing 
the formula, the recommendation is made in each sequence. to 
write the formula first; it is up to the teacher's discretion 
to insist on this practice. 


MATERIALS: Table of atomic weights | # 
List of common oxidation states 





TIME REQUIREMENT: Approximately 30-45 minutes/student 


DOCUMENTATION 


SAMPLE RUN: 


COMPOS: CANTERBURY 
PLEASE TYPE YOUR FULL NAME. 
BILL ANDREWS 


CONSIDER THE COMPOUND FORMED BY ALUMINUM AND IODINE. 


WHAT PERCENT IS ALU NUN. 
(HINT: WRITE THE FORMULA DOWN FIRST!!) 


NEED MATH HELP CY OR_N)?7Y 
MULTIPLICATION OR DIVISLONCM OR D)?D 
 DIVISOR=?488 | 

DIVIDEND=?27 

27 / 468 = Ge 61765E-2 

MORE HELP? 





N 


RIGHT!! | a, wo, 
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HOW MANY MOLES OF ALUMINUM COMBINE WITH 
18 MOLES OF IODINE ATOMS TO FORM IT?73.3 
OKAY !! | | 


HOW MANY GRAMS OF ALUMINUM COMBINE WITH 5 MOLES OF IODINE ATOMS 


NEED MATH HELP CY OR N)?Y | 
MULTIPLICATION QR DIVISIONCM OR D)?M 
FIRST NUMBER=?.- 16667 
2nD NO.=727 
2016667 X_27 = 4258889 
MORE HELP? 


N 


 ANSWER=?4-5 


RIGHT!! 


HOW MANY GRAMS OF ALUMINUM COMBINE WITH 465 GRAMS OF IODINE? 


NEED MATH HELP CY OR N)?Y 
MULTIPLICATION OR DIVISIONCM OR D)?D 
DIVISOR=7 127 

DIVIDEND=?468 

408 / 127 = 342126 

MORE HELP? 


Y 
MULTIPLICATION OR DIVISIONCM OR D)?M 
FIRST NUMBER=?27 
2ND NO-e=73-2 
27 X 3e2 = 8604 
MORE HELP? 


N 
ANSWER=2?86-4 
NO- : * 
465 GMS OF IODINE IS 465 / 127 OR 3-466142 MOLESs SO YOU NEED 
1/73 TIMES 3-66142 MOLES OF ALUMINUMe THIS EQUALS 
1.22647 TIMES 27 GRAMS, OR 32-9527 GMS. 


STUDY THAT» THEN HIT "RETURN® 


CONSIDER THE COMPOUND FORMED BY BARIUM AND CHLORINE. 


WHAT PERCENT IS BARIUM? 
(HINT: WRITE THE FORMULA DOWN FIRST!!) 


NEED MATH HELP CY OR N)?7N 
ANSWER=?65 © 
OKAY! ! 
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PROGRAM LISTING: er | =“). BAe ae Sue 


1ODIMP( 4B) 
ISRANDOMIZE | : ae 
26PRINT"PLEASE TYPE YOUR FULL NAME." | py : tf & 
25PRINT | luo | N }. 
27 INPUTSP(M) Ss | , 
361F P(M)=32 THEN 49 , : INPUT NAME 
351F P(M)=13 THEN 58 ) 
36G 0TO04 1 
ABP 1=M_ 
4IM=M+1 
45G0T027 | | i 
S@PRINT a | ee | 
— 19GCC1)=23 | TT : ; 

119CC29=3901 | | :  § 
115063)9=18729 
128C0(4)=24-3 
125C(5)=49% 1 | | 

») = e3 

eh gag SET UP LIST OF ATOMIC WEIGHTS 
14GAC1)=3565 
I45A0C2)=79 29 
15GAC3)=127 
155AC4)=16 
168A(5)=32 | | 
165AC6)=79, 
299G0T02G16 | | 
See Ce Cae | eae { cuoose CATION (I) AND ANION (J) 





SQGJ=INTCRNDCL)*6+1) _) ~ : my 
S3GL=INTCRND(1)+#8+2)/18 at | eo C3 
SAGN=INTCRND(1)*500+109) THCOSE NUMBERS FOR QUESTIONS 3_& 4 Y 
SS@RETURN 

‘60QPRINT 

661PRINT 


682PRINT"STUDY THATs THEN HIT *RETURN’’ pausE AFTER EXPLANATION 
663 INPUTSZ\PRINTNPRINT Oe ee ee ge ee ee eae 
6G4RETURN. | 

TAGKX1I=Xi+1 AFTER EACH WRONG ANSWER 

TIS@PRINT"NO-" Rn eg ee 

72SRETURN 

7S5OIF RNDC1)>-5 THEN 757 : 

75SPRINTYRIGHT!!" AFTER EACH RIGHT ANSWER 

756G 0T0778 Ag 8 eg ge eee 
757PRINT“OKAY!!" 

77 BRETURN | 

80@PRINT“NEED MATH HELP CY OR N)?"3 
SAZ5INPUT $2 

SiISPRINT 

815 IF Z=89 THEN 625 

816 IF Z=#N THEN 925 

S2S9PRINT’ PLEASE ANSWER Y OR N35 

821 GOTQ 885 

S25PRINT'MULTIPLICATION OR DIVISION(CM OR D>) al 
83H INPUT $Z 

83 1PRINT 

S35I1F Z=77 THEN 875 

S37I1F Z<>#D THEN 825 

S49PRINT"DIVISOR="5 

S45INPUT DI 

856PRINT"DIVIDEND=""5 








MATH ROUTINE _ 
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se a 7s 
ee é 





jJJ16 IF I=6 THEN 1568 
jL17 IF I=7 THEN 1578 
AL2GRETURN. | 
“1130 IF J=1 THEN. 1610 


855 INPUT pe 

86GPRINT D2"/"D1"="pH2/D1 
S65PRINT"MORE HELP?" 
S66PRINT _ 

8706 0TO865 
875PRINT"FIRST NUMBER=""5 


~-876INPUT W:- 
- 8BBPRINT"2ND NOo="5 


88 1INPUT_W1 

885P=W+w 1 

S9GPRINT W'X"W1"="Wa" | 
895G0T0865 

925RETURN. | 

IGIF ISITHENISIO 
JILLIF I=2 THEN152¢ 
JIL3IF I=3 THEN 1536 
UI4IF l=4 THEN 1540 
JUL5 IF I=5 THEN 1559 


CONTROL PRINTOUT OF CATION 





JI3QIF J=2 THEN 1629 


1133 IF J=3 THEN 1638 CONTROL PRINTOUT OF ANION 


1134 IF J=4 THEN 1649 
1135 IF J=5 THEN 165¢ 
1136 IF J=6 THEN 1660 
1149 RETURN 
ISIBPRINT"SODIUM"S 
ASLIGOTOLI20. 


| 1520PRINI"POTASSIUM"S 


1521G0T01122 _ 
I53Q@PRINT“ SILVER" 
IS31IGOTOLI2¢—. | 
JISAGPRINT"MAGNESIUM"$ — 
ISAIGOTOLI29 
ISSAPRINT" CALCIUM" 
1I551GOTO1L12¢ 
156GPRINT™" BARIUM" 


-1561G0TO1L128 | LIST OF IONS FOR COMPOUNDS 
ASTAPRINTNALUMINUM"S 


— :457.1G0TO1L12¢0 
‘161 0PRINT"™ CHLORINE" 


1611GOTOL14G 


- 1620PRINT" BROMINE" 
(1621GOTO1149 
- 163QPRINT" IODINE" 


163 1GOTO1L140 
I649PRINT "OXYGEN" 
1641GOTO1L14@ ) 
J6SBPRINT"SULFUR"S 
1651GO0TO01148 
1664PRINT"SELENIUM"s 


1661G0TO01149 


261S8GOSUB 528 


202GIF <4 THEN 2058 
(2625 IF I<7 THEN 2848 © | 
2026 IF J<4 THEN 2858 IDENTIFY TYPE OF COMPOUND 


2627G 0T02988 
264HIF J<4 THEN 2880 


2641 GOTO274@ | 
(2058 IF J<4 THEN 2790 
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2865 1GO0T0275¢ 

296GPRINT 

2865C=X*CC1) 

206 6T=X*#C C1) 4+Y#ACI) | 
2667K1=C/T*18B COMPUTE CORRECT ANSWERS. 
287 BK2=X/Y* (14d) a , ’ 
207 IK3=L¥X/Y#CCI) | | : | a, 
2874 K4=N/ACJ) ¥X/Y*#CCI) 

2168Q=O+1 

2195PRINT“ CONSIDER THE COMPOUND FORMED BY “3 

2118GOSUB111@ 

212SPRINT™ AND “3\GOSUR! !2A\ PRINT". 

214GPRINT 

2145PRINT - | : 
22GGPRINT'WHAT PERCENT IS "s3\GOSUBLI11@\PRINT'2" | q 
221S9PRINT"CHINT: WRITE THE FORMULA DOWN FIRSTHI!) | 
2225PRINT ® 
2226PRINT | 

2239G OSUBBBB | PIRST QUESTION, 
2249PRINT*ANSWER=""3 

2245INPUT Z 

2256 IF ABS(Z-K1)<.G2*K1 THEN 2292 

22556 0SUB7 G@ 

226GPRINT"DIVIDE THE MASS OF "$\GOSUBLI1I@\PRINT" IN THE COMPOUND, "CG 
227@PRINT"BY THE FORMULA WEIGHTs "T" TO GET "K1/190 

227 1PRINT"WHICH IS"K1"PERCENT"™ 

227 26 OSUB6 G2 

2285G0T02366 

229 8G 0SUB759 

2295PRINT : 

23GG6PRINT"HOW MANY MOLES OF "$\GOSUBLII@\PRINT™ COMBINE WITH” | os 
232GPRINTI+J3" MOLES OF "3 

2325G0SUB1132 

233GPRINT" ATOMS TO FORM IT" 

OE335INPUT Z 

234G81F ABS(Z-K2)<.82*K2 THEN 2390 

23456 0SUB7 48 | 
235APRINT"THE RATIO OF ATOMS OF "3 

235 1GOSUBI114 

2352PRINT" TO ATOMS OF "3 
2353G0SUB1132 | 

2354PRINT" IS "xX" TOY 

2356PRINT"SO THE ANSWER IS "Ke 

235 8G OSUB6 DS 

236 8G OT O2499 

2398GO0SUB752 

2395PRINT 

240O9PRINT"HOW MANY GRAMS OF "3 , 
' BA1GGOSUB111¢2 

2415PRINT” COMBINE WITH "L** MOLES OF °*3 | q 
P429GGOSUB 1138 

2425PRINT" ATOMS" 

2426PRINT 

2427PRINT 

243 4G C0SUBS22 

244OPRINT“ANSWER="3 


2445 1NPUTZ TRIED QUESTION ; 
245G IF ABS(Z-K3)<.G2%K3 THEN 2496 | Ye 


24S5GOSUB7G0 | ao | 
PA6BPRINT“SINCE THE ATOM RATIO IS "X" TO "Y “YOU NEED VX/Y" TIMES"L 


SECOND QUESTION 
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2461PRINT’MOLES OF "3 
2462G0SUB111¢ 


S463PRINT" OR "X/Y*L" TIMES “CC1)™ GRAMS, OR"K3 
246 5G OSUB6 2B 
247 BG OT 02598 
249 8G 0SUB7 5B 7 
| 2495PRINT 
250OPRINT“’HOW MANY GRAMS OF "3 


2585G0SUB1112 | 

251GPRINT* COMBINE WITH “N “ GRAMS OF "3 

2515G0SUB113@ 

| 252OPRINT"?2" 

2525PRINT 

2526PRINT 

2538G0SUB 889 

254GPRINT"ANSWER=""5 

2SA4S5SINPUT Z 

2558 IF ABS(Z-K4)<.G2*K4 THEN 2598 

2555 GOSUB 786 

256@PRINTN"'GMS OF "3. 

2565G0SUB113@ | | 
2568PRINT" IS "N'/"ACJ)" OR “N/ACJ)" MOLESs SO YOU NEED" 
2569PRINTX"/"Y¥" TIMES "N/ACJ)" MOLES OF “3° | 
257AGOSUBI11@\PRINT". THIS EQUALS" | 
257 IPRINTX/Y*(N/ACJ)Y" TIMES "CCI)"™ GRAMS,» OR "K4& "GMS." 
257 5G 0SUB6 9G | 
258 9G 0T03580 

2598G0SUB750 

2595G0T0359¢9 

2790X=1 

2716Y=1 


FOURTH QUESTION 


272 9GO0T 02068 
2750X=2 
276 6Y= 1 


ESTABLISH SUBSCRIPTS IN FORMULA, I.E. RATION 


OF CATION TO ANION 


277 BG OT.02866 

2800X=1 

—281GY=2 

282660702069 

2850xX=1 

286 8Y=3 

287 BG OT02966 

2998xX=2 

2916Y=3 

29206 0T02860 

3048 FOR J=@ TO Pl 
301OPRINT CHRSC(PCJ))3 
SO2ONEXT J 

3639 RETURN 

S50@IF Q<3 THEN 2016 | 
S5ASPRINTINT(C¢12-X1) /12#160)*1B) /10"2"3 
3510 IF X1<3 THEN 3556 
3515PRINT" ISN'T TOO GOOD." 
3516GOSUB39GB 
3520PRINT"TRY SOME MORE" 
3525026 

3526X 128 

3530G0TO2018 

S55GPRINT " IS OKAYs “3 
35556 OSUB3008 

357 6STOP 

4AQ@BEND 

READY 


PRINT FIRST NAME 


COMPUTE AND PRINT SCORE 


oe | 


DEFINITION OF VARIABLES: 





P, M, Pl - used in setting up student's name | _ >) 
Cc. -~ the atomic weight of the ith cation 

A. - the atomic weight of the jth anion 

I — the number of the cation in the current question 

J - the number of the anion in the current question | ¢ 
I+J - the number.of moles for Question 2 a 
L -— the number of moles for Question 3 (between .2 and .9) 

N - the number of grams for question 4 (between 100 and 500) 

X,Y - the subscripts in the formula for the compound 

Xl - error counter 

C - the weight of electropositive element in the compound 

T - the formula weight of the compound 

K1-K4 - the correct answers to the four questions = 

Q - the number of sets of 4 questions asked so far. VY 


Z — the student's response 


MODIFICATION NOTES: 
1. TO SUBSTITUTE DIFFERENT CATIONS OR ANIONS 


- Change the names in statements 1500 to 1600 and 
the corresponding atomic weights in statements 
150 to 165. 


(Note that program logic requires the 
first three cations to have +l oxidation 
numbers, the next three are +2, and the | a 
seventh is +3; similarly, the first three 

anions are —l and the next three -2.) 


2. TO CHANGE THE NUMBERS OF ERRORS THAT REQUIRE THE STUDENT 
TO START OVER : 


- Modify statement 3510 | rN 
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DESCRIPTION 


This exercise deals with stoichiometry. 
with six balanced equations and must answer a sequence of ques- 
tions concerning quantitative nee erensh ape between substances 


VII: 


in three of the reactions. 


DISCUSSION 


QUESTION FORMAT: 


EQUAT IONS 


Students are provided 


moles, or liters and is of the general form: 


The six equations are: 


HOW MUCH OF ONE SUBSTANCE IN THE REACTION IS 


PRODUCED BY (OR COMBINES WITH) A CERTAIN AMOUNT 
OF ANOTHER SUBSTANCE IN THE REACTION? 


(B) 


3Ca (OH) 5 
FeS 


Nacl 


ated 


(C) 
2A1 (OH) 5 


OH_O 
10H, 


Each question deals with quantities of grams, 


(g 


) 


Ten questions concerning three of the six equations are con- 
sidered in each run of the program. 


Questions 1-4 deal with one of the first four equations _) 
Questions 5-8 deal with another of the first four equations 
Questions 9-10 deal with one of the last two equations 
(Refer to the SAMPLE RUN of this program for information regarding 
the question format.) | é 
Before beginning this exercise, students are expected to have 
calculated the formula weights. To check that this has been done q 
with reasonable care, the computer will first ask for three 
randomly selected formula weights before presenting Question l. 
If any of the three is wrong, the program stops. 
Students must answer all ten questions correctly before the 
score is given. If a question is answered incorrectly, it is 


followed by the correct answer, and an explanation; then the 
same question is repeated with different values. 


NOTE: This program requires the NOLINE command on EduSystem 30. 


SCORING: The score is computed as follows: 
=== ¥ 100% 


where C = total number of questions asked 


PREPARATION 





BACKGROUND: Assign this exercise as soon as students begin to 
work with equations in a quantitative manner. Remind them to 
calculate the formula weights before trying to run the program. 


MATERIALS: List of equations and formula weights 


| \ 
TIME REQUIREMENT: Approximately 30 minutes/student | Seal! 
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DOCUMENTATION 
SAMPLE RUN: 
READY 
NOLINE | ' 
READY 
RUN 
EQUATI CANTERBURY | 
PLEASE TYPE YOUR FULL NAME 
ROBERT FINKELAFINSCH 
LET*S CHECK YOUR FORMULA WEIGHTS FIRST» ROBERT 
GIVE THE FORMULA WEIGHT FOR ‘At IN EQ. # 3 7179 


GIVE THE FORMULA WEIGHT FOR 'B* IN EQ. # 6 232 
GIVE THE FORMULA WEIGHT FOR "Bt IN EQ. #4 5 ?2 


IN EQ-e # 1 » HOW MANY MOLES OF SUBSTANCE ‘A REACT WITH 
MOLES OF °B*? 

WANT MATH HELP CY OR N)?N 

ANS=71 


RIGHT?! 


IN EQe # 1 » HOW MANY GRAMS OF SUBSTANCE ‘A* REACT WITH 


MOLES OF 'B'? 


WANT MATH HELP (Y OR N)?2Y 


MULTIPLICATION OR DIVISION (M OR D)?D 


DIVISOR=?3 
DIVIDEND=?2-5 

205 / 3 = 0833334 
MORE HELP?Y 


MULTIPLICATION OR DIVISION (M OR D)?M 
FIRST NUMBER=?342 

2ND NOe=?-833 

342 X e833 = 284-886 

MORE HELP?N 


ANS=?284.9 


RIGHT!! 


IN EQ. #15 HOW MANY MOLES OF 'C* ARE FORMED FROM 1 


MOLES OF ‘°A'? 


57° 


3 


205 


WANT MATH HELP CY OR N)?N 


RIGHT!! | | | oe, 


IN EQ. €¢ 1» HOW MANY GRAMS OF 'C* ARE FORMED FROM 148 
GRAMS OF 'A*? 


ANS=7296 
NO- 
x: 148 = 156 GMS: 342 GMS,SO X=C 148 )¢ 156 )/ 342 » OR 67-5085 4 


“STUDY THATs THEN HIT RETURN 


IN EQe #1 4 HOW MANY GRAMS OF ‘'C* ARE FORMED FROM 67 
GRAMS OF ‘A‘*? | 


IN EQe # 3 » HOW MANY MOLES OF SUBSTANCE ‘A* REACT WITH 97 
GRAMS OF °B*? 


IN EQ. # 3 » HOW MANY GRAMS OF SUBSTANCE ‘At REACT WITH 74 
GRAMS OF 'B'? | | 


IN EQ. # 3 5 HOW MANY. MOLE ‘ 
MOLES OF ‘ar? OLES ae C* ARE FORMED FROM 2.2 


-—_ eas 





OKAYs ROBERT LET'S TAKE A DIFFERENT REACTION: 


IN REACTION 6 » HOW MANY LITERS OF "At WILL COMBINE WITH 18 . ~ 
LITERS OF 'B"? 3 yo? 
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IN THE. SAME REACTIONs HOW MANY LITERS OF 'C¢ CAN BE 


FROM 19 GRAMS OF "A*® CAT STP)? eORERY 


UU 


aw ow =~ 


YOUR SCORE,ROBERT IS 714 &. 


READY 


PROGRAM LISTING: 


IM@DIMK(4)5AC652)9BC652)5 06652) 
11IDIMPC 49) | 
26PRINT“PLEASE TYPE YOUR FULL NAME" 
25PRINT 
27TINPUT SPCM) 
3GIF P(M)=32 THEN 40. ACCEPT STUDENT NAME 
a, SSIF P(M)=13 THEN 59 
36G0T041 
40S=M 
41M=M+1 
45G 0T 027 
S@PRINT 
I@SFORJ=1._ TO 2 
IfS5FOR I=1 TO 6 
JIGREAD ACIsJ)sBCIsI),CCIs J) 
L2ES8NEXTI | | | 
I25NEXTJ 
ASADATAI425 2225 156 
13 1DATA7.32 87 «8534 
1I32DATA1749,.58-55,85 REACTION WEIGHTS FOR SUBSTANCES 
I34DATA365 15926511166 A, B, C IN EACH EQUATION 
I3S5SDATA28>5 65 34 
ISQDATAL165 41652352 | | 
JA IDATA1 »s 35 2525 lo lo lols ls 3s le 2s 1s 35 25251358 COEFFICIENTS IN EACH 
1S@GOSUB2305 ~ EQUATION (A, B, C ONLY) 
I96T=6 | 
1OSRANDOMIZE 
26SPRINT. 
219T=T+1 
2281 FT>2THEN2S@ 
225E=INTCRND(1)*4+1) 
226I1F E=S1 THEN 225 CHOOSE AN EQUATION TO WORK ON 
227S1=E 
239GO0TO5088 
25G6E=INTCRNDC( 1)*2+5) 
269G0T0178d 
586PRINT 





{ ) 
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SA95Q1=8 
SISBVI=ACEs 1) 


cp her need ARTIFICIAL FACTORS USED IN SOLVING PROBLEMS 

SL2V3=ACEs 2) (DEALING WITH REACTANTS) 

S13V4=BCE, 2) acai 

SI4VS=V1/V3 ° 
SISVG=V2/VA ) 
52gQ1=Ql+l . 


538@G0SUB3598 SELECT PROBLEM TYPE 
535G0SUB3535 SELECT NUMERICAL VALUES 

5451F Q>2THENSS@ . 

SA6PRINT™ GRAMS “3 

547GO0TO555 _ 

SSOPRINT" MOLES “3 

SS5SPRINT* OF SUBSTANCE ‘A* REACT WITH "“R PRINT PROBLEM é 
S6QIF Q=1 THEN 576 

S61IF Q=4THEN 572 4 
562PRINT" MOLES "3 

563G0T05S75 | 

S7SPRINT** GRAMS *3 

-575PRINT" OF "Bt ?t 

 S588GOSUB188@ COMPUTE ANSWERS 

699G 0OSUB8BB MATH SUBROUTINE 

(618GOSUB250@ INPUT ANSWER, COMPUTE ERROR 

6261 FW<=OTHEN659 

625G0SUB7.22 FOR WRONG ANSWERS 

636GO0SUB119@0 PRINT EXPLANATION 

649G0T0535 NEW SET OF NUMBERS, TO REPEAT PROBLEM 

6586 0SUB75@ FOR RIGHT ANSWERS 

666I1FQ1=1 THEN 528 SUPPRESS PROBLEM-TYPE DUPLICATION 

67 @GOTOIS594 SET UP FOR SECOND KIND OF PROBLEM _ 7 
78OX=X+1 LY 
7QSPRINT 

71GPRINT"NO-" FOR WRONG ANSWERS _ 

726RETURN 

75OPRINT 

751C=C+]1 | 

76O0PRINT“RIGHT!!" gek S6et ee 

77SPRINT 

78QRETURN 

884 PRINT 

801PRINT 

8G2PRINT“WANT MATH HELP CY OR N)?2"3 

885 INPUT $Z 

SISPRINT 

SL2PRINT 

815 IF Z=89 THEN 825 

816 IF Z=#N THEN 925 . 
S2APRINT*PLEASE ANSWER Y OR N "3 

821GOTO8B5. 

S25PRINT“MULTIPLICATION OR DIVISION (M OR D>?" 

838 INPUT $Z 

831PRINT 

837 IF Z<>#D THEN 825 ee eS a 
84SPRINT"DIVISOR=""3 

S45INPUT Dil | erm 
85SPRINT*DIVIDEND=""$ | \ 4 
855 INPUT D2 | 

868 PRINT D2"/"Di"="D2/D1 

865PRINT’MORE HELP?" 3 

876 GOTO88S 
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S7SPRINT’"FIRST NUMBER="'3 

S7T6INPUT W 

S8BAPRINT“2ND NOe="3 

SB8LINPUT Wil 

885 P=WxW 1 

~=6BOBPRINT WYUX"W t= "We 1 

895GO0TO0865 

9S25RETURN | 

ISBOM=V3/V4 

ABGIBKC1)=R*V1 V2 

J915KC2)=R*M*V5 COMPUTE ANSWERS 

1928KC3)=R*M 

AB25KC4)=R*M/V6 

IP3SRETURN 

JIGSPRINT 

JIOGSIFQ=4THEN114@ 

AIG6IF Q=3THEN 1139 

IiM7IF Q=2 THEN 1129 

ALISGPRINT"X3:"RV="VI"GEMS:s "VE"GMS,SO0 X=C"R™ CVI" sS"V2", OR "KCQ) 
LLISGOTOLISS | 

AL2APRINT"X MOLES: "RY MOLES="V3" MOLES: "“VA"MOLESs X="KCQ)/V5"MQLES” PRINT : 
LI2@IPRINT"MULTIPLY THIS BY “"VS"GMS PER MOLE, TO GET "KCQ) "GRAMS." EXPLANA. — 
L1I22GOTOLis¢ TIONS : 
AL3 SPRINT "™XMOLES:"R"MOLES="V3"MOLES:"V4"MOLESs»s X="K(Q) "MOLES" 
LI32GOTOLI5SS 

JIAGPRINT 

JIAIPRINT*"DIVIDE_“RYGMS BY “VY6" TO GET “"R/V6"MOLES," 
JI42PRINT" THEN X2"R/V6"="V3"s"VA", SO X="KCQ) ~ 

LISSPRINT 

1165G 0OSUB266¢g 

LI66PRINT 

1176RETURN 

IS@SPRINT 

1585Q2=98 

ASIBV1=CCEs 1) 

ISLIV2=ACES 1) 

ASIEV3=CCE,s 2) \ SET UP FACTORS FOR SOLVING SECOND TYPE OF 
ISI3V4=ACE> 2) PROBLEM (DEALING WITH PRODUCTS) 
ASIAVS=V1I/V3 | 

ISiISV6=V2/V4 

IS16M=V3/V4 


152902=02+1 — 

15396 OSUB3580 

1535G 0SUB3535 

IS451FQ>2 THEN 1550 

IS46PRINT" GRAMS "3 

1547G0TO1555 

155@PRINT" MOLES "3 | 

AJSSSPRINT" OF 'C*' ARE FORMED FROM "R PRINT PROBLEM 


IS6QIF Q=1 THEN1576 
JS611F Q=4 THEN 1570 
1S62PRINT" MOLES "3 
1563GOTOLS75 — 
JS7TBPRINT" GRAMS" 
1S75PRINT" OF "at?" 
158 6G 0SUB1 080 

16886 0SUB8B0 

16 18G OSUB259@ 

16201 FW<=QTHENI65@ 
16256 0SUB7.9@ 

1630G 0SUB1126 
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16496 0T01535 
16596 0SUB75@ 

166@1F Q2= ITHENI52@ 

167 PRINT" OKAY» "3 | 

167 1GOSUB3 094 | TRANSITION TO NEW 


1675PRINT’ LET'S TAKE A DIFFERENT REACTION:" 4 EQUATION 
1688G0T022 are eee 
176OPRINT 

17O5PRINT 

17Q6R=INTCRNDC 1)*40+18) | “7 


IZIGPRINT"“IN REACTION “E", HOW MANY LITERS OF "At WILL COMBINE WITH “R 
A7ZLIPRINT*“LITERS OF *Bt?* | 
1720K=R*ACEs 2) /BCEs 2) 

1736GOSUB8 8B 

I735PRINT“ANS="'3 

I736INPUT Z 

I74OIF ABSCK-Z)<-e92*K THEN 1786 

1755GOSUB78@ 

I7Z6SPRINT*THE SUBSTANCES ARE ALL GASES», S0O:" 
1762PRINT’X/"RV="ACEs2)"/"BCE, 2)" OR X="K 


1767G OSUB2688 QUESTIONS 9 & 10 
1775G0T01700 | 

178@GOSUB 758 

18QSPRINT 


18 1GR=INTCRND(1)*18+18) | | | 

182APRINT"IN THE SAME REACTION, HOW MANY LITERS OF *C* CAN BE FORMED" 
1821PRINT"FROM “R"™ GRAMS OF 'A® CAT STP)?" 

I822A3=ACEs 1) /ACEs 2) 

18 25K=R/A3*C (Es 2)/ACEs 2) *22 64 

1839G0SUB820 

1S4QPRINT*ANS=""3 

ISALINPUT Z 

I8451F ABS(Z-K)<.@2*K THEN188@ 

1855GOSUB 780 : 

186BPRINTR"GMS OF. *A‘="R"/"A3", OR "R/A3" MOLES OF ‘A's THUS” 

186 IPRINT"X/"R/A3"= "CCE, 2)"/"ACEs2)"» OR "K/22e4" MOLES OF 'C'™ 
1S862PRINT"TIMES 22.4 LITERS/MOLE ="K"LITERS" 

1866GOSUB2680 ~ | J 

1867 PRINT. 

187 BGOTO18GB 

188 2G OSUB759 

19BGPRINT 
19G@5PRINT'YOUR SCORE» "3 
19866 OSUB3B80 
LOA7PRINT" IS “INTC CC/CC+X) * 1904+ 6G5)*15)/10"Z—" 
arp depp COMPUTE AND PRINT SCORE 
J91SPRINT 

1926STOP 

230QRANDOMIZE 

2365PRINT"LET'S CHECK YOUR FORMULA WEIGHTS FIRST»"3 

23866 0SUB3080 

2307PRINT | 

231G8FORI=1T03 | | | PRELIMI- 
2339W I= INTCRND(1)*2+1) | NARY SPOT- 
233 1V2=INTCRND(1)*641) CHECK FOR 
23321F W2=W3THEN2331 FORMULA 
2334W 3=W2 WEIGHTS 
2335PRINT"GIVE THE FORMULA WEIGHT FOR '"CHRS(64+W1)"" IN EQ. #"w2s 7 
2340INPUTZ : 

2345 1FW1>1THEN2369 

235 M1 FABS(Z-ACW2, 1) /ACW2s 2) )<2THEN2388 

235 1G0T02374 
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23601 FABS(Z-BCW2s 1)/7BCW2s 2) )<2THEN2Z 380 

237 @PRINT"WRONG -GO BACK AND CHECK YOUR WORK!LI" 

2375STOP 

238 9NEXTI1 

2385RETURN 

2SASPRINT“ANS=""3 | 

251GINPUT Z _\. ACCEPT ANSWER, COMPUTE ERROR 
252 8W=ABS(Z-KCQ) )- G2*K(Q) a ee oe oe 
253GRETURN 

269GPRINT. 

2645PRINT | | 
2619PRINT“STUDY THAT, THEN HIT RETURN" PAUSE TO STUDY EXPLANATION 


2611 INPUTSZ AFTER ERROR 
262GRETURN | | | 


30Q8GFOR J=6TOS 
SB1GPRINT CHRS(P(J))3 
SB2BNEXT J 

393GRETURN 
S5AGQ=INTCRND(1)*44+1) 
3516IF Q=S4 THEN 35986 
3528S4=Q 

3525RETURN 

S535IF Q=1 THEN3539 
35361 F Q=4THEN3539 oe 
3537R=INTCRNDC1)*36+18)/12 CHOOSE VALUES AND PRINT PROBLEM 
3538G0T03548 egg ee eee 
S539R=INTCRNDC1)*186+5@8) | 

SS4OPRINT"IN EQ. #"E", HOW MANY “3 

355SRETURN 

AGBBBEND 





RINT FIRST NAME 


CHOOSE PROBLEM TYPE 


Toa 2 


DEFINITION OF VARIABLES: 

A;, - the reacting weight of substance A in the ith equation 

B., - the reacting weight of substance B in the ith equation 

Cij1 - the reacting weight of substance C in the ith equation 

Aj2 - the coefficient of substance A in the ith equation 

NOTE: The tpeadting weioit” is the formula weight times the coatricient 
in this particular reaction. No questions are asked about 


substance D in any equation, hence these weights are not 
stored. 


P, M, S - used in setting up student's name 


T -— counter to determine how many equations have been used 
E - number of current equation 


Sl - number of previous equation 
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V1 


V2 


- reacting weight of substance A in current equation 

- reacting weight of substance B in current equation | 
- coefficient of substance A 

- coefficient of substance B 

- formula weight of substance A 
- formula weight of substance B 
- ratio (moles of A to moles of B) i 
- number of moles or grams ) 
- type of question to be asked (gm-gm, gm-mol, mol-mol, mol—gm) 


- one of two numbers to be multiplied (in math subroutine) and 
amount by which student answer exceeds 2% of correct answer 


- student answer to current problem 


or K(Q) - correct answer to current question 


MODIFICATION NOTES: 


1. TO ELIMINATE THE QUESTIONS CONCERNING LITERS 


- Change statement 225 to read: 
225 E = INT (RND(1) *6+1) 


. Delete statement 220 


- Add statement 1665 to read: 3 , 
1665 IF T=2 THEN 1900 4 


2. TO BYPASS MATH SUBROUTINE 


- Change 800 to read: — 
800 RETURN 


3. TO CHANGE REACTIONS 7 aa 
- Change DATA statements 130 to 136 and statement 141 A 
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VIII: RAOULT 


DESCRIPTION 


This exercise affords practice in solving problems which concern 
the concentration of an aqueous solution, its freezing point, 
and the molecular weight of the solute. 


While the questions in this program lead to a molecular 

weight determination by freezing point depression, the approach 

is designed to make students think about solutions in terms of 

moles of solute per 1000 units of solvent. This has further application 
in any discussion involving concentration. 


DISCUSSION 


QUESTION FORMAT: These problems are designed to aid the student 
in solving a problem of this form: 


THE FREEZING POINT OF AN AQUEOUS SOLUTION OF 'B'’ IS 
-2.76 DEGREES C. IF IT HAS 125 GRAMS OF 'B' DISSOLVED IN 750 
GRAMS OF WATER, WHAT IS THE MOLECULAR WEIGHT OF '‘B'? 


Since the number of steps required to solve this type of problem 
overwhelms some students, it has been segmented into a sequence 
of questions: 


1. 25.5 grams of 'A' in 650 grams of water are equivalent 
to how much ‘A’ in 1000 grams of water? 


2. Substance 'A' has a molecular weight of 234. 35 grams 
of ‘A*® in 250 grams of water are equivalent to how many 
moles per 1000 grams of water? 


3. Substance ‘A’ has a molecular weight of 432. 160 grams of 
‘A‘' in 1400 grams of water would freeze at what temperature? 


4. The freezing point of an aqueous solution of 'B' is -4.78°c. 
How many moles of 'B' are dissolved per 1000 grams of water? 


5. An aqueous solution of 'B' freezes at -1.05°C. If it has 
236 grams of 'B' per 1000 grams of water, what is the 
molecular weight of 'B'? 


6. An aqueous solution of 'B' freezes at -3.22°C. If it has 


328 grams of ‘'B' in 1250 grams of water, what is the 
molecular weight of 'B'? 
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An explanation is given for each incorrect response, and the same | 
type of question is asked again for reinforcement. In addition, 
if question 2 or 3 is missed, the program then goes back to ) 
question 1 and restarts the sequence. When question 5 or 6 

is missed, the program starts over with question 4. This feature 

has been provided to insure that the student is able to put all 

the steps together in solving the total problem posed in the 

exercise. 


SCORING: After questions 4 - 6 have been answered without an 
error,the score is printed. It is computed as follows: 





T-~X x 100% 
T 


where T = the total number of questions asked 
X = the number of incorrect responses 


PREPARATION 


BACKGROUND: This exercise can be assigned as soon as colligative \w/ 
properties of solutions have been discussed. The terms "molality" 

and "mole fraction" need not have been explained as they are not 

used in any of the problems. 


TIME REQUIREMENT: Approximately 40 minutes/student 


DOCUMENTAT ION 
SAMPLE RUN: 
RAOULT CANTERBURY tet | | 4 
PLEASE TYPE YOUR FULL NAME. 


ALEX COLVIN 





@ 1 -« SUBSTANCE 'A* HAS A MOLECULAR WEIGHT OF 431 3 
39.1 GMS OF °A' DISSOLVED IN 866 GMS OF WATER 
ARE EQUIVALENT TO HOW MANY GRAMS OF "At IN 1868 GRAMS OF WATER? 
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WANT MATH HELP CY OR N)?Y 
MULTIPLICATION OR DIVISION (M OR D)?D 
DIVISOR=?431 
 DIVIDEND=7866 

866 / 431 .= 2.88928 
MORE HELP?Y 

MULTIPLICATION OR DIVISION (M OR D)?D 
DIVISOR=?2-889 : 
DIVIDEND=?71986 

(1808 / 2.889 = 497.76 

MORE HELP?N 


ANS=?497 «76 
NO» ALEX _ 

391 IS TO 866 AS 'X*' IS TO 1688, SO X= 39.1 TIMES 189% OVER 
866 OR 45.15 


STUDY THATs THEN PRESS 'RETURN'. 


Qe 2 « SUBSTANCE '"A* HAS A MOLECULAR WEIGHT OF 373 3. 
e7e¢2 GMS OF "A" DISSOLVED IN 1475 GMS OF WATER 
ARE EQUIVALENT TO HOW MANY GRAMS OF 'A* IN 1688 GRAMS OF WATER? 


WANT MATH HELP (CY OR N)?Y 


ANS=?7 188896 
NOs ALEX . 

27-2 IS TO 1475 AS 'X* IS TO 1988, SO X= 27-2 TIMES 1g2e OV 
1475 OR 18-4486 


STUDY THATs THEN PRESS '"RETURN'. 


@- 3 - SUBSTANCE 'A't HAS A MOLECULAR WEIGHT OF 396 3 
7469 GMS OF "At DISSOLVED IN 191 GMS OF WATER 
ARE EQUIVALENT TO HOW MANY GRAMS OF ‘A’ IN 18808 GRAMS OF WATER? 


WANT MATH HELP CY OR N)?Y 


_ ANS=2392.146 


CORRECT 
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Qe 4 6 SUBSTANCE "At HAS A MOLECULAR WEIGHT OF 118 3 
79¢4 GMS OF "A* DISSOLVED IN 1369 GMS OF WATER . 
ARE EQUIVALENT TO HOW MANY MOLES OF ‘A* PER 1888 G OF WATER? 


WANT MATH HELP CY OR N)?Y 
| 
j 


ANS=757 -999 


YOU DON'T SEEM TO BE STUDYING THE EXPLANATIONS!! 
SORRYs THAT'S WRONG - | 


794 GMS IN 1369 GMS OF WATER= 57.9985 IN 19603 DIVIDE THIS BY 
118 THE MOL. WT TO GET THE MOLES PER 1688 Gs» 491513 


STUDY THATs, THEN PRESS ‘RETURN’. 


Qe 5 « SUBSTANCE "A* HAS A MOLECULAR WEIGHT OF 135 3 
803 GMS OF ‘A* DISSOLVED IN 1177 GMS OF WATER 
ARE EQUIVALENT TO HOW MANY MOLES OF 'A' PER 1808 G OF WATER? 


WANT MATH HELP ¢Y OR N)?Y 


YOU DON'T SEEM TO BE STUDYING THE EXPLANATIONS!! 
NOs ALEX: 

68e3 GMS IN 1177 GMS OF WATER= 75-9213 IN 18883 DIVIDE THIS BY 
135 THE MOLe WT TO GET THE MOLES PER 1888 Gs °555713 


STUDY THATs THEN PRESS *RETURN'’. 


Q@- 6 »« SUBSTANCE ‘At HAS A MOLECULAR WEIGHT OF 283 3 
76¢7 GMS OF *A* DISSOLVED IN 1458 GMS OF WATER 
ARE EQUIVALENT TO HOW MANY MOLES OF ‘A* PER 1888 G OF WATER? 


mwa = 


ANS=?.171346 


RIGHT! ! 
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_ 


“Qe 7 « SUBSTANCE "A* HAS A MOLECULAR WEIGHT OF 215 53 
12-2 GMS OF ‘A DISSOLVED IN 986 GMS OF YVATER 
ARE EQUIVALENT TO HOW MANY GRAMS OF ‘A* IN 1888 GRAMS OF WATER? 


WANT MATH HELP CY OR N)?Y 
t 


ANS=2?5e755E-2 


YUU DON'T SEEM TO BE STUDYING THE EXPLANATIONS!! 


NO» ALEX 
12e2 1S TO 986 AS *X' IS TO 18885 SO X= 12-2 TIMES 16@2@00VER 


986 OR 1223732 


STUDY THATs, THEN PRESS ‘*RETURN*.- 


Q- 8 « SUBSTANCE ‘A’ HAS A MOLECULAR WEIGHT OF 278 3 
18 GMS OF ‘A* DISSOLVED IN 838 GMS OF WATER 
ARE EQUIVALENT TO HOW MANY GRAMS OF ‘A’ IN 1888 GRAMS OF WATER? 


WANT MATH HELP CY OR N)?Y 
i 
l 


ANS=211.9 


CORRECT 


Qe 9 « SUBSTANCE *A* HAS A MOLECULAR WEIGHT OF 195 3 
1469 GMS OF ‘A* DISSOLVED IN 714 GMS OF WATER 
ARE EQUIVALENT TO HOW MANY MOLES OF ‘A* PER 1088 G OF WATER? 


WANT MATH HELP (CY OR N)?2Y 
| 


{ 
ANS=?.- 107 


RIGHT!! 
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Q. 18 . 


Qe 11 . 


THE FREEZING POINT OF AN AQUEOUS SOLUTION OF °*Bt 
HOW MANY MOLES OF '3? 


Qe 12 6 


THE FREEZING POINT OF AN AQUEOUS SOLUTION OF '"B' IS - 
115.2 GMS OF 
MOLECULAR WEIGHT OF *B" 7 


IF IT HAS 


Qe 13 6 
THE FREEZING POINT OF AN AQUEOUS SOLUTION OF *3! IS -2 DEG-C 


IF IT HAS 


OKAYs ALEX » YOUR SCORE IS 


READY 


PROGRAM LISTING: 


SRANDOMIZE\DIMP(49)\PRINT"PLEASE TYPE YOUR FULL NAME." 


6PRINTN\PRINT 
AGINPUTSPCM) 
ISDIMPC46@) . 


2e6IF P(M)=32THENASONIFPCM)=13THENSO\GOTO41 


49P 1=M_. 
41iM=M+1 

ASG OTO16 
5EPRINT 
1IS@S6GOTOL1IGE 


894 GMS OF 
MOLECULAR WEIGHT OF "BY? 


SUBSTANCE "A* HAS A MOLECULAR 
94e¢9 GMS OF "A" DISSOLVED IN 
WOULD FREEZE AT WHAT TEMPERATUR 


ARE DISSOLVED PER 


IN 662 GMS OF WATER, 
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WEIGHT OF 324 
1288 GMS OF WATER 


1@66GMS OF WATER? 


WHAT'S THE 


DEG eC 


3e«2 DEG.C 
"B* PER 188@GMS OF WATER, WHAT IS THE 


INPUT NAME 





269PRINT\M=INTCRND( 1) *490450)\PRINT\T=T+1 
225PRINT"G."T". SUBSTANCE '"A’ HAS A MOLECULAR WEIGHT OF “M"3" 


2IGRI=INTCRNDCY)*1980+180)/12 ESTABLISH 

211R2=INTCRND(1)*2880+19B) VALUES FOR 
22G6PRINTRI" GMS OF "A" DISSOLVED IN “R2"GMS OF WATER" AND PRINT _ 
23GRETURN | 7 i ae 


30GPRINT\PRINT\PRINT"ANS="3 \INPUTZ ENB COMPUTE ERROR > NSMBA 
3O5E=ABS(Z-K)--82*K\RETURN | 

4DOPRINTNT=T+IVPRINT"Q oT.” 

AIBR1I=-INTCRNDC1)*58+57/12 

41 1R2Q=INTCRNDC 1) *1888+598)/10 SUBROUTINE TO ESTABLISH: VALUES 
41ISR3=INTCRND( 1)*2006+100) FOR AND PRINT Q. 4 —- 6, 
 A26PRINT“THE FREEZING POINT OF AN \ a sane ae ar i OF ‘Bp’ IS "RI" DEGeC™ 
425RETURN 

7198GX=X+l 

TOLIFX/T< ¢7 THEN7 1GNIFT<3THEN7 12 J. 

7H2PRINT\PRINT”"YOU DON'T SEEM TO BE STUDYING THE EXPLANATIONS! L" 
TIGIFRND(2)>-eSTHEN 736° 

715PRINT"NOs.*3 \GOSUB3G80 © FOR WRONG ANSWERS. 
72OPRINT\GOTO746 

73@PRINT”’SORRYs THAT'S WRONG -" 

T35PRINT 

T4QGRETURN 

75HF ORJ= 1 TOS\PRINTCHR$(135)3 \NEXTJ\PRINT | 
T51IFRNDC1)>-eSTHEN77& FOR RIGHT ANSWERS 
755PRINT"RIGHT! !"\PRINT\ GOT078G : —_ 

77 BPRINT"CORRECT"\ PRINT 

78 GRETURN 

88SPRINT\PRINT 

8G2PRINT"WANT MATH HELP CY OR N)2°"3 
885 INPUT $Z 

SIGPRINT 

815 IF Z=89 THEN 825 

816 IF Z=#8N THEN 925 

82OPRINT" PLEASE ANSWER Y OR N"S3 
S21GO0TOS85 ss 
82SPRINT"MULTIPLICATION OR DIVISION (M OR D)2"3 
838 INPUT $Z 

831PRINT. 

835I1F Z=77 THEN 875 

837 IF Z<>#D THEN 825 
S84GPRINT’DIVISOR="3 
S45INPUT D1 
859PRINT’DIVIDEND=""3 

855 INPUT D2 

868 PRINT D2*/"D1"="D2/D1 
S86SPRINT’MORE HELP?"3 © 
876 GOTO885 
875PRINT"FIRST NUMBER="3 
S76INPUT W 

S8APRINT’2ND NOe="3 
881LINPUT W1 

885 P=Wewl 

S9SPRINT WUX"Wl="VaY 1 
895G0T0865 

925RETURN 
MIG@SX1=G\GOSUB2BH | — 5 

LI2SZPRINT“ARE EQUIVALENT TO HOW MANY GRAMS OF ‘At IN 1808 GRAMS OF WATER 
LI25GOSUBS2B 7 

1127K=R1*1606/R2 





MATH SUBROUTINE 


TL 


1139G0SUB388 | 
JII46IFE<8THEN1I19@ ! 
1145G 0SUB7 9@ : : : 
JISB@PRINTRIVIS TO "R22" AS *X* IS TO 18665 SO X="RI“TIMES 1888 OVER™ | 
JISIPRINTR2" OR "K _ 
LISSGOSUBI9@¢G : QUESTION 1 (1100 - 1195) , | 
116 @PRINTNG OSUB298 ( J | 
+(1178G0T01128 ) 
119 6G O0SUB756 
LI9SPRINT 
12886 0SUB286 
1226PRINT"ARE EQUIVALENT TO HOW MANY MOLES OF *A* PER 1688 G OF WATER?” 
12256 0OSUB8 8S 
1227K=R1]/R2*1980/M 
1238G 0SUB386 7 
124BIFE<§THEN1L29@ - 
1245X 1=X1+1\GOSUB78G SUS ETON 2 eo = he) 
A2S5SPRINTRI“GMS IN. "R2"GMS OF WATER="K*M" IN 190083 DIVIDE THIS BY" 
1251PRINTM” THE MOL. WT TO GET THE MOLES PER 1808 Gs» "K 
1255G0SUB1966 
1269PRINING OSUB2BB8 
127 BG OT01229 
12966 0SUB75@ 
12951 FX1>OTHENI19@ 
I3GGPRINTNG OSUB28SB 
AJ2GPRINT“WOULD FREEZE AT WHAT TEMPERATURE?" 
1325G OSUBS 8S 
AS27K=R1/R2O*1BIB/M*1-86%*C-1) 
1336GOSUB388 
IS401IFE<2*(- -92*K) THENI39@ : QUESTION 3 (1300 - 1395) 
1345X 1=X 1+ INGOSUB7 82 pa ee ne ee ee eee 
I3S@PRINTRI"GMS..OF ‘A’ IN “Re"GMS OF WATER="R1/R2*1680" IN 1660, OR" 
ISS 1PRINTRI/R2*1G08/M" MOLES PER 188@Gs» X 1-86 GIVES A FePe OF ™"K 
1355G0SUB 1906 | 
136 PRINTING OSUB296 ; 


) 
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1376G0T0132¢ 

1398GOSUB75@ 

13951 FX1>@THEN1 102 | 

1400X 1=G\GOSUB488 | 

1420PRINT"HOW MANY MOLES OF 'B* ARE DISSOLVED PER 1@6@GMS OF WATER?" 


14256 0SURBAG 
1427K=-R1/1 +86 

14396 OSUB30U 

py aa ae QUESTION 4 (1400 - 1495). 
1445G0SUB790 QUESTION | 


JSSQPRINT"IF THE FePe IS LOWERED 1-86 DEGe BY ONE. MOLE, A DROP OF “-R1 
J45 1PRINT"DEG. MEANS "R1"/1.286s OR “K" MOLES PER 1888 GMS OF WATER.“ 


1455G0SUB1990 | 
146 OPRINT\G OSUB4GB | 

147 8G0T01426 | 
149 8G OSUB7 5B 

1A9SPRINT | ) 
15096 0SUB496 ; 


AS2@PRINT"IF IT HAS “R2"GMS OF *B* PER 1880GMS OF WATER, WHAT IS THE" 
IS21PRINT*MOLECULAR WEIGHT OF *B*?* 

1525G 0SUB8 62 

1827K1l=-R1/1-86\K=R2E/K!1 | . mn ¥ Oy 
1536G0SUB3 92 : \ b 
IS46I1FE<9THENI59@ | , 
1545X 1=X14+1\GOSUB7 6a | QUESTION 5 (1500 - 1595) 
ISSOPRINT-R1"/1-86="KI"MOLESS “RO"GMS/"K1"="K", THE ANS-* , 
I5S5S5GOSUBI99@ | 


72 | | 


enim pens ce a gl EGA SMU fg sap hi ia i 


156SPRINT\GOSUB466 
157 6G OTO015298 

15998G 0SUB756 
ASOSIFX1>G6THEN1L 466 
16606 OSUB4A8B 
J62MPRINT“IF IT HAS “R2"GMS OF *B* IN “R3"GMS OF WATER, WHAT'S THE" 

162 1PRINT"’MOLECULAR WEIGHT OF *B'?" 

1625GO0SUB884 

1627K 1=-R1/1 «86\K2=R2/R3* 1 BOG\K= K2/K1 

1638GO0SUB36S 

I649I1FE<QTHENI69@. : | QUESTION 6 (1600 - 1695) 
1645X 1=X1+ 1\GOSUB7 88 | ge Eg ee ge eee 
J6S@PRINTRE"GMS OF *B* IN "R3"GMS OF WATER ="Ke@"GMS PER 1868+ DIVIDE™ 
I651PRINT-RI" BY 1-86 TO GET "Ki" MOLES PER 1688, SO THE MOL+ WT. =" 
1652PRINTK2"°/7"K1" OR “K 

1655G OSUB196@. 

| J66OPRINING OSUB4GG 

167 8G0T0 1626 

1698GOSUB75S 

J695IFX1>STHENL464 

JSO@GPRINT\PRINT\PRINT"OKAYs "3\GOSUB3805 _ 

ASASS=INTCCCTHX) /T#1IGG+ 0 G59*1G)/10 | COMPUTE, PRINT SCORE 
ISI@PRINT’. YOUR SCORE IS “S*Z* re aa ea 
1826STOP 

ISAPPRINT\NPRINT\PRINT™"STUDY THATs THEN PRESS °RETURN‘’ -” PAUSE 
I9IGINPUTSZN\RETURN | 

3893F ORJ=STOPINPRINTCHRS (PCJ) 25 \NEXTJ\RETURN PRINT FIRST NAME 

466 6END 


DEFINITION OF VARIABLES: 

M —- molecular weight (between 50 —- 450) 

T -—- number of questions asked | 

R1,R2 — numerical values for problems 

E —- amount that error exceeds 2% of correct answer 
X - number of errors 


K - correct answer to current question 


K1,K2 -—- values used in computing correct answer and explaining solution 


Z - student response 


Xl - 0, until question 2,3,5, or 6 has been missed; reset each time 
sequence restarts at question 1 or question 4 


C - number of times three consecutive questions have been answered 
correctly 
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IX: MOLAR 


DESCRIPTION 


MOLAR is an exercise that deals with the relationships between 
the moles and grams of solute, and the volume and molarity of the 
solution. 


DISCUSS ION 
QUESTION FORMAT: Four questions are asked, in this order: 


1. IF *** ML OF SOLUTION CONTAIN *** GMS OF POTASSIUM 
HYDROXIDE, WHAT IS THE MOLARITY? 


2. HOW MANY MOLES OF ACETIC ACID IN *** ML OF a 
MOLAR SOLUTION? 


3. HOW MANY GRAMS OF NITRIC ACID ARE IN *** ML OF A 
*** MOLAR SOLUTION? 


4. HOW MANY ML OF A *** MOLAR SOLUTION OF COPPER II 
SULFATE CONTAIN THE SAME NUMBER OF MOLES OF SOLUTE 
AS *** ML OF A SOLUTION OF SULFURIC ACID WHICH IS 
*** MOLAR? | 


The numbers which are inserted at the *** spaces vary at random 
over a reasonable range. The solute in each question is taken 
in order from a scrambled list of eight substances: 


NaOH, KOH, HCl, HC.H,H H,SO 


9H3H,, HjSO,, and CuSO 


HINO 3 » HPO 


4’ 4 

Math help is offered with each problem. If a student feels lost, 
he can decline the math help, type 9 (ZERO) in response to the 
problem, and receive an explanation. No error is counted against 
him. If a question is answered incorrectly, an explanation is 
given and a problem of the same form is given with a different 
substance and values. 


NOTE: This program requires NOLINE on EduSystem 30. 


SCORING: The score is given after the sequence has been completed | 
three times. It is computed as follows: 
Q- x 
x 100% 


where Q is the total number of questions and 
X is the number of errors 


a5 


PREPARATION 

BACKGROUND: _ AS soon as students start to use solution strengths . 

in the laboratory and in problem solving, this exercise may be | 
assigned. | 

The importance of carefully calculating the formula weights 


should be emphasized; the weights should be written on student 
guide sheets before running the exercise. 


TIME REQUIREMENT: Approximately 30-45 minutes/student _ 4 


DOCUMENTATION 


SAMPLE RUN: 


READY | 
NOL INE | 


READY 
RUN 
MOLAR CANTERBURY 


PLEASE TYPE YOUR FULL NAME 
KEVIN HANNON 


Q- 1 


IF 1606 ML OF SOLUTION CONTAIN 11-5 GMS OF POTASSIUM HYDROXIDE. 
WHAT IS THE MOLARITY?. | 


WANT MATH HELP (Y OR N)?Y 
MULTIPLICATION OR DIVISION (M OR D)?D 
DIVISOR=756 
DIVIDEND=?11-5 

11-5 / 56 = 265357 
MORE HELP?N 





- ANS=?-265357 


GOOD WORK!! 
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Q 2 


HOW MANY MOLES OF ACETIC ACID 
IN 88 ML OF A .59 MOLAR SOLUTION? 


WANT MATH HELP CY OR N)?Y 
MULTIPLICATION OR DIVISION (M OR D)?M 
FIRST NUMBER=?.-08 

2ND NO«=?7259 

SE-2 X 059 = 4eT2E~2 

MORE HELP?N _ 


ANS=74-72E-2 
GOOD WORK!! 


Q- 3 


HOW MANY GMS OF NITRIC ACID 
ARE IN 608 ML OF A 167 
MOLAR SOLUTION? 


WANT MATH HELP CY OR N)?Y 


( 
) 
] 
4 


ANS=?64 «26 
RIGHT! ! 


Qe 4A 


HOW MANY ML OF A .4 MOLAR SOLUTION OF COPPER II SULFATE 
CONTAIN THE SAME NUMBER OF MOLES OF SOLUTE AS 128 ML OF A 
SOLUTION OF SULFURIC ACID 

WHICH IS 1-9 MOLAR? 


WANT MATH HELP (CY OR N)?Y 
: ; 


ANS=?757@ 


GOOD WORK!! 


Q@ 5 


IF 1880 ML OF SOLUTION CONTAIN 45-5 GMS OF HYDROCHLORIC ACID 
WHAT 1S THE MOLARITY? | 


\ 
fs 
; 77 


Q-. 6 


HOW MANY MOLES OF PHOSPHORIC ACID 
IN 168 ML OF A S5SE~2 MOLAR SOLUTION? 


Qe 7 


HOW MANY GMS OF POTASSIUM HYDROXIDE 
ARE IN 558 ML OF A 1 
MOLAR SOLUTION? 


b 
i 
( 
i 


Q- 8 


HOW MANY ML OF A 18 MOLAR SOLUTION OF ACETIC ACID 
CONTAIN THE SAME NUMBER OF MOLES OF SOLUTE AS 15 ML OF A 
SOLUTION OF NITRIC ACID 

WHICH IS 1 MOLAR? 


IF 659 ML OF SOLUTION CONTAIN 18-2 GMS OF COPPER II SULFATE 
WHAT IS THE MOLARITY? 


\ 
4A 
\ 
( 


Qe. 18° 


HOW MANY MOLES OF SULFURIC ACID 
IN 249 ML OF A 1-74 MOLAR SOLUTION? 


\ 
t 


j 
Q ii 


HOW MANY GMS OF HYDROCHLORIC ACID 
ARE IN 56 ML OF A 1e7 

MOLAR SOLUTION? 

{ 





Q. 12 


HOW MANY ML OF A .7 MOLAR SOLUTION OF PHOSPHORIC ACID gee | 
CONTAIN THE SAME NUMBER OF MOLES OF SOLUTE AS 158 ML OF A \ > 
SOLUTION OF SODIUM HYDROXIDE ee 
WHICH IS 1 MOLAR? - | 
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PROGRAM LISTING: 


SRANDOMIZE\DIMP(4@)\PRINT"PLEASE TYPE YOUR FULL NAME"\PRINT\PRINT 
IDINPUTSPCM) 
261 FP(M)=32THENAG\IFP(M)=13THENSO\GOTO4! 


ABP l=M_ ACCEPT STUDENT'S NAME 
41M=M+1 

ASGOTOLB 

5OPRINT. 


1SOFORI=1T08 

I@SREADMC1I)2 STORE FORMULA WEIGHTS 

LIPGSCIO=INTCRNDC 1) *8+1) | 
129FORJ=1TOI-1 - ( SCRAMBLE LIST OF SOLUTES 
J2O5IFSC1I2=SCU)THENLIG 

ASQNEXTJ 

JASNEXTI. 

158G0T01190 

LODDATA4SDs 36655 982652635 160598556e1 FORMULA WEIGHTS 
OGGI FSC I) =2THENSLONIFSCI)=3THENS3SBNIFS(1I) =4THENG4ONIFSC(1)=STHEN25SS 
2065 1FS(1)=6THEN26Q\ IFSC 1)=7THEN27 ONIFS(1)=8THEN289 
219PRINT* SODIUM HYDROXIDE"\GOTO029¢2 

22GPRINT’ HYDROCHLORIC ACID"\GOT029@ 


23GPRINT*SULFURIC ACID"\GOT0290 SUBROUTINE FOR PRINTING 
SPAGPRINT"ACETIC ACID"\GOTO029@ NAME OF SOLUTE 


25GPRINT’NITRIC ACID"\GOTO29B 

266PRINT’COPPER II SULFATE"\GOTO29¢ 

273PRINT" PHOSPHORIC ACID"\GOT0294 

28G9PRINT’ POTASSIUM HYDROXI DE"\G OT 0294 

29GRETURN 

3A2OPRINTNPRINT\PRINT“ANS="3 NINPUTZ ACCEPT ANSWER, ‘COMPUTE ERROR 
31GE=ABS(Z-K) - «G2*K\ RETURN ad aia aii 
3S5G@PRINT\PRINT\PRINT"STUDY THATs THEN HIT *RETURN'" PAUSE 
36 INPUTSZ\RETURN ee 

AGBPRINT\ PRINT\ Q=Q+1I\PRINT"Q."Q\PRINT\RETURN INCREMENT QUESTION COUNTER 
7TOOGX=X+1 | 

TOSIFRND( 1) >e5THEN7T22 


TI@PRINT"THAT'S NOT RIGHT, “3\GOSUB199@ TALLY ERROR, CHOOSE AND 
71SPRINT\GO0T0736 | PRINT COMMENT 

72@PRINT"NO, THAT'S WRONG, "\PRINT 

73@RETURN 

75GPRINT\PRINT\ IFRND( 1) >«STHENT6@ 

755PRINT"RIGHT!!"\GOT0O77B | CHOOSE .AND PRINT| COMMENT. ON 
76@PRINT"GOOD WORK!I!I" — RIGHT ANSWER 

77 O@RETURN 

8OGPRINT\ PRINT 


SG2PRINT“WANT MATH HELP CY OR N)?'83 
885 INPUT $Z 
SIOPRINT | 
815 IF 2=89 THEN 825 
816 IF Z=€N THEN 925 
S2S9PRINT*PLEASE ANSWER Y OR N's 
S21GOTO8G5 . | 
S2S5SPRINT"MULTIPLICATION OR DIVISION (M OR D)?'*5 
838 INPUT $2 | | 
831PRINT | | MATH HELP SUBROUTINE 
S35I1F Z=77 THEN 875 , 
837 IF Z<>#D THEN 825 
B4GPRINT'DIVISOR="3 
SA45INPUT Di. 
SSSPRINT*“DIVIDEND=""3 
855 INPUT D2 
. 79 


869 PRINT D2"*/"D1"="D2/D1 
86S5PRINT’MORE HELP?'3 

878 GOTQ885 | 
8S7SPRINT“FIRST NUMBER="3 
876INPUT W 


88GPRINT’2ND NO.="5 | Co 


S81INPUT Wi 

885 P=WawWl 

SOBPRINT WYX"W1l'= "Wx I 

895G0T0865 

925 RETURN 

JIAGGOSUB4SS 1 
JII@RI=INTCRND( 1)*599+58) /1BG\R2=INTCRND( 1)*46+2)*58 
JIISISI+4+INIFI<9OTHENII2GNI=I<“8 © | 

JI2OPRINT*IF "R2°ML OF SOLUTLON CONTAIN “RI"GMS OF “3 \GOSUB268 
LI2ZIPRINT'WHAT IS THE MOLARITY?" 

JI2SGOSUBESS. 

JI27K=R1/R2*1GBA/MCSCI)) 

11396 0SUB38@ 

LIABIFZ=GTHEN1ISO\IFE<8THEN! 198\GOSUB790 | } 
JIS@PRINTRI"GMS IN “RE“ML= X GMS IN 1608 MLs WHERE X="R1/R2*1080"GMS* 
JIS 1PRINT’OR "KAMCSCI OI" /UMCSCIDD™ MOLES/LITERs ,SO THE SOLUTION IS “K*M" 
LiS5G0SUB35¢ QUESTION 1 | 
JI6O6PRINT\GOTO1119 

1198G0SUB7 52 

12096 0SUB409 

121GRA=INTCRNDC 1)*58+1)*18\R2=INTCRND( 1)*266+5)/188 

J2ISIZAI+ INIFI<OTHENI 220\I=1-8 

122APRINT"HOW MANY MOLES OF "3 \GOSUB28@ 

1221PRINT"IN "RI'ML OF A "RE" MOLAR SOLUTION?” 


12256 OSUBS8E . QUESTION 2 
1227K=R1*R2/1088 — SJ 
1238GOSUB386 | 


1240I1FZ= OTHEN125G\ I[FE<@THEN1299\G 0SUB78¢ 

A2@5BPRINT'MULTIPLY MOLARITY (MOLES PER LITER) BY VOLUME IN LITERS," 
J2S1PRINT"OR “RE"X"R1/188G"= THE ANSWER, "K | 

1255G0SUB356 | 
L266PRINT\GOTO121¢ 

12986 OSUB7 58 

13886 OSUB468 

1319R1=INTCRND( 1)*34+1)*58\R2=INTCRND(1)*204+1)/16 
ISISTSI+iINIFI<9OTHENI320\I=1-8 

132@PRINT“HOW MANY GMS OF "$\GOSUS2@@\PRINT"ARE IN "RINML OF A “R2 
AI3Z21PRINT’MOLAR SOLUTION?" 


13256 0SUBS 82 
AS27K=R1*R2/ 1 BBG*MCSCI)d 
133 8G OSUB38@ QUESTION 3 


IS491FZ=OTHENISSO@NIFE<@THENIS9S\GOSUB7980 

ISSAPRINT’MOLARITY TIMES LITERS GIVES MOLES3 MOLES TIMES FORM. WT.e GIVES 
ASSIPRINT“GRAMS, SO: "RE"X"R1/169S"="R2eR1/ 1 GBS"MOLESs" 
ASS2PRINT“TIMES "MCSCID>" ="K" GRAMS" 

IS55GOSUB352 J 
AS6ESPRINT\GOTO1I316 

139 8G OSUB75@ 

14286 OSUB4ED : 

: JAIMRI=INTCRND(1)*20+1) /1O\R2Q=INTCRND( 1)*20+1) 410 
I411RS=INTCRND(1)*204+1)71GNIFR3=RITHENI411 
IA1ST=I+1NIFI<9OTHENI4Z20NI=1-8 

L42BPRINT"HOW MANY ML OF A “RI“"MOLAR SOLUTION OF "3\GOSUB289 
JA21PRINT"CONTAIN THE SAME NUMBER OF MOLES OF SOLUTE AS “"RevML OF A" 
| 142Q21THAI+INIFI<9OTHENI424\1=1-8 
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1424PRINT"SOLUTION OF "3 \GOSUB200\PRINT "WHICH IS "R3" MOLAR?" 


1425G0SUB88¢ QUESTION 4 
1427K=R2*R3/R1 Se a ora 
14326 0SUB38@ 


JAAGIFZ=QTHEN1L45Q\ I FE<@THEN 1 49 G\G OSUB7 99 | | 
J45QPRINT'FOR ANY SOLUTION. MOLARITY X VOLUME = MOLES, SO YOU CAN SAY" 
J451PRINTR3" X "R2/1GG8"= V X "RI", SO V="K/19GG"LITERS, OR “K"ML." 
1455G0SUB358 | 

J46SPRINT\GOTO141¢ 

1A9BGOSUB75a 

IS@BIFQ<10THEN116@ CHECK NUMBER OF QUESTIONS SO FAR - COMPUTE SCORE 
AS 1OBS=INTCCCQ-X) /O* 100+ -G5)*10)/1 DNIFS<75THENI55@ ear hie 
152GPRINT"NOT BAD, "3\GUSUBIOQ@QZ\PRINT"YOU SCORED “S"%."\PRINT\STOP 
ISSAPRINT"NOT SO GOOD, “3\GOSUBI9GG\PRINT", YOUR SCORE IS "S"Z." 
1SS51PRINT’BETTER STUDY, THEN TRY AGAIN! "\PRINT\PRINT\STOP 

19 @OF ORJ=GT OP 1\PRINTCHRS ( PC J) ) § \NNEXTUNRETURN 

1999END 


READY 


DEFINITION OF VARIABLES: 


S(i) - the ith substance in the scrambled arrangement of the eight 
solutes 


Z=- the student's response 

K - the correct answer to each question 

X —- the number of errors 

R1L,R2,R3 - the numerical values for the problems 


M(i) - the formula weight of the ith substance in the scrambled list 


MODIFICATION NOTES: 
1. TO CHANGE THE NAMES OF THE SUBSTANCES 
. Modify statements 190 and 210 to 280 
2. TO CHANGE THE NUMBER OF QUESTIONS 
- Modify statement 1500 
- Change Seatenent 400 to read: 


400 IF Q = N THEN 1510 \ PRINT \ PRINT...... 
(where N = total number of questions to be run) 
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X: GASLAW 


DESCRIPTION 


Students solve ten problems concerning the relationships. 
between temperature, pressure and volume of ideal gases. 
This program provides practice in applying Boyle's Law, 
Charles' Law and the Combined Gas Law. 


DISCUSS ION 

QUESTION FORMAT: Each problem begins as follows: 
A GAS OCCUPIES **k* ML AT 

followed by one of the expressions: 


(A) *** DEGREES C. WHAT VOLUME WILL IT OCCUFY AT *** DEG. C? 

(B) *** DEGREES C. AT WHAT CENTIGRADE TEMPERATURE WILL IT 
OCCUPY **** MILLITERS? 

(Cc) *** MM PRESSURE. WHAT VOLUME WILL IT OCCUPY AT *** MM 
PRESSURE? 

(D) *** MM PRESSURE. AT WHAT PRESSURE WILL IT OCCUPY *** ML? 

(E) *** DEGREES C. AND *** MM PRESSURE. FIND ITS VOLUME AT §S T P. 


The numbers inserted at. the *** are chosen at random. (Temperatures 
range from -50°C to 100°C, volumes lie between 50ml and 1550 ml, and 
pressures vary between 600mm and 800mn.) | 


SCORING: The student is given his score after the tenth question. 
He is then given the option to continue or stop. 
The score is computed as follows: 


10 - X 


x 100% 
10 | 


where X = the number of errors 
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PREPARATION — 


BACKGROUND: This exercise requires familiarity with the gas laws 
and understanding of the term "STP Conditions". 


A common error involves the failure to change temperatures to UY 
Kelvin. In several places the program draws the student's 
attention to this, but it should be emphasized in class instructions. 


TIME REQUIREMENT: 30-40 minutes/student 


DOCUMENTAT ION 





SAMPLE RUN: 


GASLAW CANTERBURY 
PLEASE TYPE YOUR FULL NAME. 


ALEX COLVIN 


QUESTION # 1 


A GAS OCCUPIES 208 ML AT -45 DEGREES CENTes AND 697 MM 
PRESSUREe FIND ITS VOLUME AT S T P CONDITIONS.- 


WANT MATH HELP CY OR N)7Y 
MULTIPLICATION OR DIVISION (M OR D)?D 
DIVISOR?228 

DIVIDEND?248 

208 / 228 = 912281 

MORE HELP?Y 
MULTIPLICATION OR DIVISION (M OR D)?D 
DIVISOR?.912281 

DIV IDEND?697 

697 / e912281 = 764-819 
MORE HELP?N 

ANSWER CIN ML) 157764 


NO - 7 
THIS IS WHERE YOU HAVE TO USE THE COMBINED GAS LAW - 


V2=CPIICVIICTAI/CT1) CPA) ORs 
Ve= 697 X 288 X 273/ 228 X 76G WHICH = 226-487 ML 


STUDY THE EXPLANATION, THEN PRESS *RETURN’ | | _ 5 
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QUESTION # 2 


AGAS OCCUPIES 151 ML AT 759 MM PRESSURE. 
AT WHAT PRESSURE WILL IT OCCUPY 454 ML? 


WANT. MATH HELP CY OR N)?Y 
MULTIPLICATION OR DIVISION (M OR D)?1 
MULTIPLICATION OR DIVISION (M OR D)?75 
MULTIPLICATION OR DIVISION (M OR D)?M 
FIRST NUMBER?15! 

2ND NUMBER?454 

151 X 454 = 68554 
MORE HELP?Y 
MULTIPLICATION OR DIVISION (M OR D)?D 
DIVISOR?759 

DIVIDEND?68554 

68554 / 759 = 99-3215 . 
MORE HELP?N 
ANSWER CIN MM) 187983 


NO - 
USE BOYLE’S LAW LIKE THIS: P2=(P1)¢«V1)/(V2) 5s OR 
Pe= 759 X 151 / 454 WHICH = 252-442 MM 


STUDY THE EXPLANATION, THEN PRESS "RETURN! 


QUESTION # °3 


A GAS OCCUPIES 290 ML AT -28 DEGREES Ce. 
WHAT VOLUME WILL IT OCCUPY AT 82 DEG. C? 


WANT MATH HELP C(Y OR N)?Y 
l 
t 
j 
\ 
{ 
\ 


YOUR ANSWER, IN ML, =?7429.2 
THAT*S RIGHT! 


QUESTION # 4 


A GAS OCCUPIES 1247 ML AT 5 DEGREES CENTes AND 725 
PRESSUREe FIND ITS VOLUME AT S T P CONDITIONS. 


WANT MATH HELP CY OR N)?Y 
| ; 
] 85 


MM 


ANSWER CIN ML) 1522-471 


THAT*S WRONG - 


THIS IS WHERE YOU HAVE TO USE THE COMBINED GAS LAW - 


Ve=CP1IICVID CTA) /¢€T1)9¢0P2) OR: 
V2= 725 X 1247 XK 273/ 278 X 768 WHICH = 1168-217 


STUDY THE EXPLANATIONs THEN PRESS ‘RETURN® 


QUESTION # 5 


A GAS OCCUPIES 1338 ML AT 658 MM PRESSURE} 
AT WHAT PRESSURE WILL IT OCCUPY 151 ML? 


WANT MATH HELP ¢Y OR N)D7Y 
MULTIPLICATION OR DIVISION (M OR D)?M 
FIRST NUMBER? 1338 
2ND NUMBER?658 

1338 X 658 = 888484 
MORE HELP?Y | : 
MULTIPLICATION OR DIVISION (M OR D)?D 
DIVISOR?151 
DIVIDEND? 889424 

888484 / 151 = 5838449 
MORE HELP?N 
ANSWER CIN MM) 158758398 
ABSOLUTELY CORRECT!! 


QUESTION # 6 


A GAS OCCUPIES 376 ML AT 751 MM PRESSURE. 
WHAT VOLUME WILL IT OCCUPY AT 797 MM PRESSURE? 


{ 
l 
( 


QUESTION # 7 


AGAS OCCUPIES 638 ML AT -44 DEGREES C. 
WHAT VOLUME WILL IT OCCUPY AT @ DEG. C? 


QUESTION # 8 


AGAS OCCUPIES 680 ML AT 37 .- DEG. Co | 
AT WHAT CENTIGRADE TEMPERATURE WILL 1T OCCUPY 331 


ao aE = =~ 
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ML 


ML? 


QUESTION # 9 

A GAS OCCUPIES 92 ML AT 786 MM PRESSURE. 
WHAT VOLUME WILL IT OCCUPY AT 668 MM PRESSURE? 
i 


wu 


QUESTION # 18 


A GAS OCCUPIES 1398 ML AT 47 DEG. Ce 
AT WHAT CENTIGRADE TEMPERATURE WILL IT OCCUPY 888 ML? 


- PROGRAM LISTING: 


16 DIM PC48) 

2OPRINT’PLEASE TYPE YOUR FULL NAME." 
25PRINT 

27INPUT $PC(M) 

38 IF P(M)=32 THEN 46 


35 IF P(M)=13 THEN 56@ INPUT NAME 
36 GOTO41 | { 
AGS=M 
41 M=M+1 
45 GOTO 27 
5@ PRINT 
= 68 GOTO32E | | 
308 I=I+).. 7 | | : , 
365 IF I>1Q THEN 2000 _ { nvcemuewr question couwr, CHECK FOR 19 
386 GOSUB 1986 | | 
387PRINT 
3A8PRINT | | 
S1QPRINT"QUESTION #"I | _ | gt 
3LIPRINT | PRINT FIRST PART OF EACH QUESTION 
3ISPRINT"A GAS OCCUPIES "V1" ML AT "3 | 
326 IF RNDC1)>.e7 THEN 1562 | 
325 IF RND(1)>~<5 THEN 586 - PICK A QUESTION 'TYPE' 
338 IF RND(1)><5 THEN 402 
33 1A=A+ 1. 
332 IF _A>2 THEN 320 
3AOK= CV 1*(T24273)) /(T 14273) ~) 


35SPRINT Tl * DEGREES Ce" 
3S5IPRINT"WHAT VOLUME WILL IT OCCUPY AT "T2" DEG. Cc?" 
353PRINT . 
354PRINT 
360GOSUB889 — 
365PRINT” YOUR ANSWER, IN MLs ="3 QUESTION A 
366INPUT Z : ee 
37G1F ABS(Z-K)<.e@2*K THEN 396 
375G0SUB7 88 
. 38fZPRINT“BE SURE YOU CHANGE THE TEMPERATURES TO K ELVIN - THEN" 
7 381 PRINT*USE CHARLES" LAW: V2=(V1)2¢(T2)/(T1) OR” 
OF) 382PRINT* V2= "VIYX"T24273"/"T14273" WHICH = "K'ML"" 
383G 0SUB359¢ 

_ 384PRINT 

38S5PRINT 
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386G0T03G0 
39GGOSUB756 | J 
395 GOTO 300 


4ASQB=B+ I 
461 IF B>2 THEN 329 
AG2PRINTT1" DEGe Ge” 

AG3PRINT"AT WHAT CENTIGRADE TEMPERATURE WILL IT OCCUPY “V2*"* ML?" 
418GOSUBS GY 

AISK=(€V2*(T14273))/V 1-273 

A2SPRINT“ ANSWER (CDEGe Ce) ISS 


A25INPUT 2 QUESTION B 
A435 IF ABS(Z-K)<-82*ABS(K) THEN 478 
449G OSUBT7 88 


AAIIF ABS(Z-K-273)>2 THEN 447 

4AA2PRINT"YOU FORGOT TO CHANGE YOUR ANSWER TO CENTIGRADEs “5 

443G 0SUB3 969 

AAASPRINT 

4AASPRINT'"YOU SHOULD HAVE SUBTRACTED 273! THEN ANSWER IS "K “DEG C"™ 
A4A46GO0TOSBD 

AATPRINT"USING CHARLES’ LAW, T2=(V2CTII/¢CV1)s5 WE HAVEs”™ 
AASPRINT®"T2="V2"X"T14273"/'V1" OR “"K+273" DEG. Ks, OR “K™ DEG Co* 
45 9G OSUB3560 

466G 0TO030G 

ATBGOSUB 756 

A75GOTO38S © 

500 IFRNDC1)>-5 THEN 692 

591 C=C+] 

502 IF._C>2 THEN 328 

S5A85K=P14V1i1/P2 

S5I@PRINTP1*" MM PRESSURE.” 

SLIPRINT’ WHAT VOLUME WILL IT OCCUPY AT “P2"* MM PRESSURE?" 

5296 0SUB8 8d 

S25PRINT“ ANSWER: CIN ML) IS"3 





S26INPUT Z 

53@IF ABS(Z-K)<.@2*K THEN 579 

535GO0SUB 796 ~Y QUESTION C 
548 PRINT" USE BOYLE*S LAW FOR THIS ONE, 3 

541GO0SUB36988 


S42PRINT" ~ V2 = CPLICVII/CP2)" 

S43PRINT’ OR V2="P1"xX"V1"7"P2" WHICH = “"K" ML" 
558GOSUB3509 

568G0TO388 

57 6G OSUB7 58 

575G 0TO03 86 


688D=D+ 1 
681 IF_D>2 THEN 329 ) 


692K=P1ixV1/V2 
61GPRINTP1" MM PRESSURE." 
611PRINT“AT WHAT PRESSURE WILL IT occupy "Yr OQYML 2 


6296 0SUB83@ 

625PRINT“ANSWER CIN MM) IS" 

63GINPUT Z | 

635I1F ABS(Z-K)<«e32*K THEN 678 . QUESTION D 
64866 0SUB7 8G 


645PRINT"USE BOYLE*’S LAW LIKE THIS: P2@=C(P1)(V1>I/CV2) » OR” 
646PRINT™ P2="Pivxeypeseyoe WHICH =" K" MM" — 

654G 0SUB3569 

66 8G OTO03 98 

67 8G OSUB7 5G 

675G OTO306 
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766PRINT. 
78 1X=X+1 
762I1F RNDC(1)>.-5 THEN 716 


7@SPRINT'NO -" a | FOR WRONG ANSWERS 
7@6GOT0O729 : | 
T1GPRINT" THAT'S WRONG -" 

72ORETURN 


TS@IF RNDC1)>e9 THEN 775 

TSIIF RND(1)>06 THEN 765 

7S52IF RNDC1)>-5 THEN 766 
TS3PRINT*THATYS RIGHT!" 
7TS4GOTO7T9D 
T6APRINT“ABSOLUTELY CORRECTI I 


161GO0TO794 FOR RIGHT ANSWERS; RINGS BELL, 
165FOR Q=1 TO 10 GIVES A VARIETY OF REMARKS 





766PRINT | CHRS(195)3 
Z767NEXT _Q. 
T6SPRINT*RIGHTIE!* 

7169G O0T079G 

T75PRINT"GOOD WORK» "3 
776GOSUB33G4 

177G 0TO079@ 

79GPRINT 

791PRINT 

792RETURN 

88GPRINT 

8G1PRINT 

862PRINT“WANT MATH HELP CY OR N23 
885 INPUT $Z 

SIGPRINT_ 

815 IF Z=89 THEN 825 

816 IF Z=8N THEN 925 
828PRINT"PLEASE ANSWER Y OR N"3 
821GOTOs8gs 
825PRINT"MULTIPLICATION OR DIVISION (M OR D)2"3 
838 INPUT $Z 

831 PRINT. 

835IF Z=77 THEN 875 

837 IF Z<>8D THEN 825 
S4GPRINT*’DIVISOR'3 
SA45INPUT Di 
85SPRINT"DIVIDEND"3 

855 INPUT D2 

868 PRINT D2"/"D1i"="D2/D1 
S65PRINT*MORE ‘HELP?"3 

878 GOTO89S5. 
875PRINT“FIRST NUMBER’? 
876INPUT W 

88APRINT“2ND NUMBERS 
S81LINPUT Wl 

885 P=\WewWl | | 
SOSPRINT W"’X"Wl= "yxy } 
895G0T0865_ 

925RETURN 
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MATH SUBROUTINE 


1886 RANDOMIZE 
1916 VI=INTCRNDC1)#1500+50) 
1G2GV2=INTCRND(1)*1598+59) 








103@T 1= INTCRND( 1)*150-58) | SUBROUTINE TO ESTABLISH VALUES FOR 
I@AGT2=INTCRND(1)*15@ - 5B) , PROBLEMS. NOTE: K, THE CORRECT 

— IO@SOPISINTCRNDC1)*200+600) ANSWER TO A PROBLEM, IS COMPUTED; > 
1968 P2=INTCRND(1)*2004+6G0) IS NOT FROM THIS SET j 
1999 RETURN 
ISOGE=E+1 
1561 IF E>2 THEN 325 ) 


ISS2PRINT T1" DEGREES CENTes AND “PI MM" 
1S@3PRINT“PRESSURE. FIND ITS VOLUME AT S$ T P CONDITIONS." 
151 90K=P1*V1*273/(¢¢€T1+273)*769) 

1S26GOSUBS82 | 

IS25PRINT"ANSWER CIN ML) IS"3 

IS3G@INPUT Z | | | 

IS35IF ABS(Z-K)<e@2*K THEN 1596 QUESTION E 
1545GO0SUB 799 

ISSSPRINT“THIS ILS WHERE YOU HAVE TO USE THE COMBINED GAS LAW - ™ 
ISSSPRINT"V2=(P1)(V1)2CT2)/¢T1) CP2) OR:" 

ISS6PRINT*V2=" PLY X"UI"X 273/"T14273"X 768 WHICH = "K'" ML* 

15696 OSUB3589 

157 5G O0T038G 

A159@GOSUB 752 

1595 GOTO0390 

2668 IF X=8 THEN 21890 

2685PRINT 

2G6S86PRINT 

2B1GPRINT’WELL» "3 

2629GOSUB3982 

263O8PRINT" YOUR SCORE IS "(€16-X)/16*18@8 “ %" PCOMPUTE, PRINT SCORE ©. 
2G4OPRINT"WANT TO TRY MORE CY OR N)D?"3 ee ge LS 
2G58INPUT $2 

266 9PRINT | 

227G1F Z=#N THEN 2296 

267 11=a . 

207 2PRINT ) 

207 3PRINT 

207 AX=9 

207 5A=2 

287 6B=6 RESET VARIABLES 

2977C=8 

287 8D=2 

207 9E=G 

2088GOT0380 

249 8STOP 

2IBSPRINT 

211GPRINT’"GOOD WORK» "3 \. 

2115GOSUB38G0 PRINT SCORE FOR PERFECT SET 
2L2GPRINT* - YOUR SCORE IS 180%" OF PROBLEMS 
213GSTOP | 

36ZGFOR J=8 TO S x 

3418 PRINT CHRSC(P(J))3 PRINT FIRST NAME 

3020 NEXT J ge ee 

363@ RETURN 

354SPRINT 

3516PRINT | | 

352GPRINT"STUDY THE _ EXPLANATION, THEN PRESS *RETURN*®" 





PAUSE TO | 
STUDY EXPLANATIONS 





3521INPUT $Z 
353QRETURN 
AGGGEND 
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DEFINITION OF VARIABLES: 

P,M,S,J - used in inputing and printing student's name 

Z —- student's response 

K - the correct answer to the current question 

X - the number of errors | 

I - the number of questions 

A,B,C,D,E -— the number of times each question has — asked 
P1,P2,V1,V2,T1,T2 -— the values generated for the problems 
P,W,D1,D2,W1l - used in the math help subroutine 


Q - an artificial variable used to ring the bell on the teletype 


MODIFICATION NOTES: 
1. TO REDUCE THE NUMBER OF QUESTIONS FOR EACH RUN 
- Modify statements 305 and 2030 
2. TO BYPASS THE MATH HELP SUBROUTINE (FOR SLIDE RULE PRACTICE) 


é Change statement 800 to read: 
800 RETURN. 
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APPENDIX A: MODIFICATION PROCEDURES 


Because all the progranis in this collection were designed for 
and tested with EduSystem 30, certain modifications may be required 
for other BASIC systems. . 


To illustrate the changes which can be effected to adapt to a 
different system, PERIOD and EQUATIONS have been modified for 
EduSystem 20 at the end of this appendix. 


I. LINE NUMBERS 


EduSystem 30 allows line numbers up to 4096. If the numbers 

in a program are too large for your system, they must be changed; 
all the GOTO and GOSUB statements must be modified accordingly. 
In most cases an entire block of code can be copied as a unit 

by changing the first digit in the line number. For example, 
statements 2300 - 2385 in EQUATIONS can be changed to 1300 - 
1385; statement 150 in that program would then be changed to 
GOSUB 1300. 


IIT. OPTIONAL LET STATEMENT 


EduSystem 30 BASIC permits a LET statement to be written in either 
of these two ways: | 


10 LETA —- 4 
or 
10 A= 4 


The second format has been used in these exercises; consult your 
user's guide to determine conventions of your system. 


IiIt. USE OF STRING VARIABLES 


Extensive use has been made of the single-character string 
variable feature of EduSystem 30 to attain a more comfortable, 
conversational BES Pers for the student as he works through 
the exercises. 


This feature is used in the student name routine, the math help 


subroutine, and the subroutine for providing explanations to 
problems. 
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SYSTEMS WITH NUMERIC INPUT ONLY 





In general, a system which does not accommodate strings will 
require that each statement of the type; | : ) 


INPUT S$Z 
be changed to: 
INPUT Z 


with an appropriate specification for the allowable values for 
Z, such as: 


- PRINT "TYPE 1 FOR YES, O FOR NO" 
STUDENT NAME: The entire routine can be deleted or bypassed 
using a GOTO statement. Where student identification. is desired, 
numerical code can be substituted. Thus the statement which 
reads: 
20 PRINT "PLEASE TYPE YOUR FULL NAME" 
can be changed to: 
20 PRINT "PLEASE TYPE YOUR STUDENT NUMBER" 
' 25 INPUT S 
and the statement which prints the score can be changed to: A 
1500 PRINT "OKAY, STUDENT "S", YOUR SCORE IS........ 
MATH HELP: Since this subroutine is an integral part of each 


problem solving exercise, the modified version (without strings) 
has been reproduced here: 


g@@PRINT\PRINT\PRINT"NEED MATH HELP (1 FOR YES, @=NO)"3\1NPUTZ 

8O5I1F Z=@THEN925 

825PRINT"MULTIPLICATION (1) OR DIVISION (2)"3\INPUTZ 

* 83Q1FZ= 1THEN875 

S4S9PRINT“DIVISOR=""3 

‘845INPUT D1 

85GPRINT"DIVIDEND=""3 

85S5INPUT D2 

S6QPRINT D2"/"D1"="D2/D1 | S. 


865PRINT"MORE HELP (1 =YESs @=NO)"3\INPUTZ\GOTO8@5 
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\ 


j je 
it 
sae 


S66PRINT 

87 8G OTO8G5 
875PRINT"FIRST NUMBER="3 
876INPUT W 

S8GPRINT"2ND NOs="3 
S81INPUT WI 

885 P=WxW 1 

SOSPRINT WYX"Wl"="Ws 1 


895GO0TO865 


925PRINT\NPRINTN\RETURN 


EXPLANATION: The subroutine that stops the program and prints 
the explanation can be changed as follows: 


2500 PRINT\ PRINT \ PRINT"STUDY THE EXPLANATION, THEN TYPE '9'"\ INPUT Z 


SYSTEMS WHICH SUPPORT MULTIPLE CHARACTER STRINGS 
Statements like INPUT $Z must be changed to INPUT ZS. 


Specific changes in the student name routine depend on the 
characteristics of the BASIC compiler (some have a limit of 

six characters, others have virtually no limit). For those 
with a 6 character limit, the INPUT instruction can be used 

to accept the entire name. The user's guide for your system 
should be consulted to determine the specific language require- 
ments. 


EduSystem 30 allows the use of the symbol # with any character 
to represent the ASCII code of that character. Thus 


LET 2 = #N is equivalent to 
LET 2 = 78 


If this # convention is not available on your system, statements 
such as . 


333 K = #L in PERIOD 
must be changed: to 


333 K = 76 
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PROGRAMS CONVERTED FOR EDUSYSTEM 20 | 


EQUATIONS 


2RANDOMIZE 

SOPRINT 

196C(1)=23 

1100¢62)=39.1 

115C0¢3)=107.9 

1206(4)=24.3 

125C(5)=4B61 

1380(6)=137.3 

1350(7)=27 

148AC1)=35.5 

145A(2)=79.9 

158A(3)=127 

ISSAC4)=16 

160A(5)=32 

165A(6)=79 

288G 0T0120¢ 

4AO@PRINT"HOW MANY GRAMS OF "3\GOSUB1114 | 
41SPRINT" COMBINE WITH "L"' MOLES OF "3\GOSUBI13@\PRINT "ATOMS" 
420PRINT\ PRINT \G OSUB890\ PRINT" ANSWER=""5 \INPUTZ 
43@1FABS(Z-K3)<.@2*K3THEN49 G\GOSUB7 OB 
448PRINT’SINCE THE ATOM RATIO IS "X" TO “Y" YOU NEED "X/Y" TIMES "L 
441PRINT" MOLES OF "3\GOSUB1112 

45@PRINT " OR "X/Y*L" TIMES “CC1)"™ GRAMS, OR "K3\GOSUB6OG 
455GOTO 1665 

499G OSUB7 58\G 0T01665 

SOOI=INTCRND(1)*7+1) 

520J=INTCRND(1)+*6+1) 

530L=INTCRND(1)*8+2)/16 

S4QN=INTCRND(1)*500+192) 

55@RETURN 

602PRINT 

621 PRINT 

6G2PRINT'"STUDY THATs THEN INPUT 9 TO CONTINUE THE PROGRAM"\INPUTZ 
604RETURN | 

70OX1=X1+1 

71@PRINT'NO-" 

72Q0RETURN 

7S@IF RND(1)>.5 THEN 757 

755PRINT’RIGHT!!" 

756G0T077@ 

757PRINT" OKAY! !" 

77@RETURN : 

8B0PRINT\PRINT\PRINT"NEED MATH HELP (1 FOR YES, O=NO)"$3\INPUTZ 
885I1F Z=@THEN925 | 
825PRINT"MULTIPLICATION (1) OR DIVISION (2)"3\INPUTZ 
83G1FZ= 1THEN875 

840PRINT"DIVISOR=""3 

84S INPUT D1 

85GPRINT"DIVIDEND=""3 

855INPUT D2 

86GPRINT D2"/"D1"="D2/D1 | 

865PRINT"MORE HELP (1 =YESs @=NO).""3\INPUTZ\GOTO8@5 
866PRINT 
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‘8786 0TO885 | , 
875PRINT"FIRST NUMBER="'$ 
876INPUT W | 
882PRINT“2ND NO-.="3 
 B81LINPUT VW! 
: 885 P=VWVl 
| S9OPRINT W'X"W l= Way ] 
895G 0T0865 
925PRINT\PRINT\RETURN 
95OIFQ<3THENI2GGNIFX1I<3THENISO | 
OSSPRINTC12-X1)/12*19B8"Z1SN*'T GOOD ENOUGH,» TRY SOME MORE!” 
969Q=O\X1=O\GOTO1299 | 
98SPRINT(12-X1)/12*180"% IS A PRETTY GOOD SCORE" 
998STOP 
LII@IF I=1THENIS1@ 
LLL1IF I=2 THEN1S26 
1L1I3IF I=3° THEN 1538 
1114IF I=4 THEN 1548 
1115 IF I=5 THEN 155@ 
1116 IF I=6 THEN 156@ 
1117 IF I=7 THEN 1572 
l11L2GRETURN 
1138 IF J=1 THEN 1616 
11I32IF J=2 THEN 16292 
1133 IF J=3 THEN 1632 
1134 IF J=4 THEN 1648 
1135 IF J=S THEN 1652 
1136 IF J=6 THEN 16698 
1148 RETURN 
1298GOSUBS8B 
1l2S9S5IFI<4THEN1 236 
/ IBIBIFI<7THEN1225 
L2ZISIFJ<4THEN1I85@ 
1220GO0T0194B 
12251 FJ<A4THENISOG 
1226G0T01728a 
1230IFJ<4THENI7@B 
1231G0T0175¢ | 
L2L4GPRINT\C=X*CCIDNTH=X*¥CCID +Y*ACJINK1=C/T* IL OBNK22X/Y* CL 4d) 
124 1K3=L*X/Y*CCIY\K4=N/ACJ) *¥X/Y*CCL) 
1258Q0=Q+1I\NPRINT"CONSIDER THE COMPOUND FORMED BY "3 \GOSUB111@ 
12SSPRINT" AND "3\GOSUB!I3@\PRINT\PRINT 
1268PRINT'"WHAT PERCENT IS ‘3 
1261GOSUBIIIG\NPRINT"? CHINT: WRITE THE FORMULA DOWN FIRST!!)" 
1262PRINT\PRINTNGOSUBSOO\ PRINT" ANSWER=""3 \INPUTZ 
127 BIFABS(Z-K1)<.82*KITHEN129¢ | 
127 1GOSUB7 3O@\PRINT’DIVIDE THE MASS OF "3\GOSUB1116 
1272PRINT" IN THE COMPOUND, "C"* BY THE FORMULA WTes"T"” TO GET"K1/10@ 
1273PRINT"WHICH IS "K1"PERCENT"\GOSUB68B 
1275G0T01348¢ 
1298G 0OSUB7 5S\PRINT\GOTO1302 
1I30@PRINT’HOW MANY MOLES OF *3 
1318GOSUB111@ 
I32GPRINT"COMBINE WITH "I+J" MOLES OF "3 
1325G0SUB113@ | 
~~ I133@PRINT" ATOMS TO FORM IT": 
) LSSSINPUTZ 
I340IF ABS(Z-K2)<.G@2*K2THEN139@ 
I345GOSUB768 
13S5QPRINT"THE RATIO OF ATOMS OF "3 
135 1GOSUB1116 
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1352PRINT’ TO ATOMS OF "3 a 
1353G0SUB1138 | 
1354PRINT’ IS "xX" TO “Y 

1356PRINT”" SO THE ANSWER IS "K2 

1358G 0SUB682 

136 8G 0T 0420 

1398GO0SUB75@ 

1395PRINT\GOT0400 

1S1GPRINT"SODIUM" 

1511G0T01126 

1520PRINT" POTASSIUM" 

1521GO0T0112¢ 

153OPRINT"SILVER" 

1531GOTO112@ 

ISA@PRINT "MAGNESIUM" 

1541G0T0112@ 

1SSOPRINT"CALCIUM" 

1551G0T01120 

1S6SPRINT" BARIUM" 

1561G0T01120 

157 OPRINT" ALUMINUM" 

157 1GOT01122 

16 1GPRINT" CHLORINE" 

1611GOTO114@ | 

1626PRINT™ BROMINE" | | = 
1621G0T01142 . 
163@PRINT" IODINE” er 
1631GOT0114@ | 

164GPRINT" OXYGEN" 

1641GOTO114¢ 

1658PRINT*SULFUR" 

1651GOTO114¢ 

1660PRINT" SELENIUM" 

166 1GOTO114@ 

1665PRINT"HOW MANY GRAMS OF "3\GOSUB1118 

1666PRINT" COMBINE WITH “N". GRAMS OF "3\GOSUB113@\PRINT"?" 

167 @PRINT\ PRI NT\G OSUB8OZ\ PRINT" ANSWER=""3 \INPUTZ 

1675 1FABS (Z-K4) < o@2*K4THEN169@ 

1676GOSUB720\PRINTN " GMS OF "3\GOSUB113@ | 

168@PRINT" IS “N“"/"ACJ)" OR “"N/ACJ)" MOLES, SO YOU NEED * 

1681PRINTX"/"Y" TIMES "N/ACJ)" MOLES OF "3\GOSUB1112 

I683PRINT"WHICH ="X/Y*(N/ACJ))" TIMES "CC1)" GRAMS» OR "K4 "GRAMS" 

1685G OSUB6GB\G0T0952 | 

1690G OSUB758\GOT09S2 

1700X=1 

1710Y=1 

1728GOT0124G 

1750X=2\Y=1\G0T0124B 

1800X=1\Y=2\G0TO01242 

1850X= 1\Y=3\G 0T01248 


198@X=2\Y=3\GOT01242 | a ak 
195@FORJ= @T OP 1\PRINTCHRS ¢P( J) )$ \NEXTJ\RETURN | ) 
1999END 
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C 


PERIOD 


DIM PC(6@) 
PRINT"USE A PERIODIC TABLE TO ANSWER THESE QUESTIONS” 
PRINT 

PRINT 

DIM AC558) 
W=2 an 
FOR I=1 TO 2 
FOR J=1 TO 8 
W=W+l 
ACI, J) =W 
NEXT J. 

NEXT I 

FOR I=3 TO 5 


FOR J= 1 TO 2 


ACIs J) =C1-2)*184J 

NEXT J 

NEXT I 

FOR I=3 TO 5 

FOR J= 3 TO 8 

ACI, J)=CI- EEE ES Sy Sarees OE Reese he 
NEXT J 

NEXT I 

X= 

Q= 2 

C=¢@ 

F=2 

GOSUB1868 

Q= Q+1 

PRINT"GIVE THE AT+ NO-e OF AN ELEMENT WITH PROPERTIES LIKE ELEMENT" 
PRINT’ NUMBER"ACI,s J) 

PRINT 

PRINT 

INPUT Z 

FOR L=1 TO 5 

IF L=I THEN 245 

IF Z=ACLsJ) THEN 288 

NEXT L 

IF F=] THEN 268 

GOSUB116@4 

PRINT*TRY AGAIN" 

GOT0238 

X=X+1 

PRINT'NO-SIMILAR PROPERTIES MEANS SAME FAMILY, I-E~5 SAME COLUMN!" 
GOTO285 


~GOSUBI15¢ 


PRINT 
PRINT 
GOSUB 1688 
Q=Q+ 1 
PRINT"IS THE IONIZATION ENERGY OF ELEMENT # “ACI!eJ1) “GREATER (1)" 


PRINT"OR LESS €8) THAN ELEMENT #"ACI2sJ1) 
PRINT | 3 

PRINT 

PRINT" TYPE 1 FOR GREATER, @ FOR LESS" 
INPUTZ 


PRINT | | 99 


IF 12>11 THEN 336 
K= 6 


GOTO 338 


K=1 | | 
GOT0348.— ) 
IF Z=K THEN 380 | : 
GOSUB112@ | | | 

PRINT" IONIZATION ENERGY DECREASES AS VALENCE ELECTRONS ARE “ 
PRINT’FURTHER AND FURTHER FROM THE NUCLEUS" 

GOTO38B . 

PRINT 

PRINT 

GOSUBI15@ 

PRINT 

PRINT 

F=g 

GOSUBI5@a 

Q=Q+1 


PRINT"GIVE THE ATe NOe OF AN ELEMENT WITH THE SAME NUMBER OF" 


PRINT"OUTER SHELL ELECTRONS AS ELEMENT #"ACIsu) 
PRINT 

PRINT 

INPUT Z 

FOR L=1 TO 5 

IF L=I THEN 445 

LI=L | 

IF Z=ACL,J) THEN 488 
NEXT L 

IF F=1 THEN 460 
GOSUB1182 


PRINT'TRY AGAIN" | LA 


GOT0439 

X=X+1 

PRINTNOs “3 | | 7 
PRINT’, IT HAS TO BE IN THE SAME FAMILY, LIKE #"ACLI3J) 
GO°TO 485 

PRINT. 

PRINT 

GOSUB115@ 

PRINT 

PRINT. 

GOSUB17989 

Q=Q+ 1 | 

PRINT"IS THE IONe ENe OF ELEMENT"ACI1I,731)"> OR < ELEMENT"ACI 1,J72) 
PRINT"TYPE 1 FOR GREATERs @ FOR LESS" 

PRINT 

INPUTZ 


IF Jl>J2 THEN 536 


K=@ 

GOTO0538 

K= 1 

PRINT 

PRINT 

IF Z=K THEN 58@ 
GOSUB1 188 


PRINT"ION. ENERGY GENERALLY INCREASES AS YOU MOVE TO THE RIGHT" ) 


GO TO 582 

PRINT 

PRINT | 

GOSUB1159 

PRINT | 
PRINT. | 100 


gs 


680 
681 
682 
683 
604 
619 
615 
622 
623 
626 
638 
631 
632 
633 


646 
642 


644 
645 
646 
648 
658 
660 
688 


986 


912 
915 
926 
925 
930 
934 
936 
941 
942 
959 
952 
953 
954 
955 
1198 
1105 
1112 
1126 
115¢ 
1155 
1156 
1166 
1582 
1512 
1520 
1530 
1600 
1610 
1622 
163¢ 


1642 


1656 
1766 
171 
1726 


1736 


RANDOMIZE 

I= INTCS*RNDC1)+1) 

J=INTC7*RNDC1)+4+1) 

IFJ=4THEN 602 

IF J=5THEN6G2 

7; en IS THE MOST LIKELY OXIDATION STATE FOR ELEMENT #"ACIsJ) 
= + 

PRINT 

PRINT 

INPUT Z 

IF J>4 THEN 633 

K=J 

GOT064G 

K=J-8 

IF Z=K THEN 6686 

GOSUB119@ 

IF K<@ THEN 648 

PRINT"NO-SINCE IT TENDS TO LOSE"K"ELECTRONS THE ANSWER 
GOTO068¢ 

PRINT"IT CAN FILL AN OCTET WITH"ABSCK) "ELECTRONS, 
GOT069@ 

GOSUB115@ 

GOTO09BDZ 

PRINT 

PRINT | 

IF Q<18 THEN 209 

IFC/Q<.85 THEN 952 

PRINT (Q-X)/Q*108"% IS A PRETTY GOOD SCOREs"'3 
PRINT” WANT MORE? YES=1, NO=9" | 
INPUTZ 

IFZ=1THEN20@ 

PRINT 

STOP 

PRINTX"ERRORS OUT OF'Q"ISN'T TOO GOODs"'3 
PRINT", SO TRY THESE" 

PRINT 

PRINT 

GOTO18@ 

X=X+1 

F= |] 

PRINT"*WROMG" 

RETURN 

PRINT 

PRINT"CORRECT" 

C=C+]1 

RETURN 

RANDOMIZE 

I=INTCS*RNDC1))+1 
JZ=INTCS*RNDC1))+1 

RETURN 

RANDOMIZE 

ILI=INT(5*RNDC1)+41) 
I2=INTCS*RND(1)+1) 

IF 12=I1 THEN 1622 
JI=INT(8*RNDC(1)+4+1) 

RETURN | 

RANDOMIZE. 

Il=INTCS*RND(1)+1) 
JI=INTC8*RND(1)+1) 

IF Jil=2 THEN 1726 


iS .4"H 


SO THE ANS ISK 
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1748 
1752 
1769 
1772 
1786 
179 
1880 
1819 
1826 
1832 
1835 
1858 
1869 
1878 
1875 
1898 
1999 


IF J1=6 THEN 17298 | 
J2=INTC8*RNDC1)+1) 
IF J2=J1 THEN 1752 
IF J2=6 THEN 1752 
IF J2=2 THEN 1752 
RETURN 

IF Z=#G THEN 1852 
IF Z=#L THEN 1858 _ 
PRINT" PLEASE ANSWER G FOR GREATERs, L FOR LESS" 
INPUTSZ 

PRINT 

RETURN 

RANDOMIZE 
I=INTC(5*RND(1)+1) 
J=INT(7*RND(1)4+1) 
RETURN | 3 
END 
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Telephone: (76)-87-03-21 Telex: 212-32882 


GERMAN FEDERAL REPUBLIC 
Digital Equipment GmbH 
MUNICH 


8 Muenchen 13, Wallensteinplatz 2 
Telephone: 0811-35031 Telex: 524-226 
COLOGNE 


5 Koein 41, Aachener Strasse 311 
Telephone: 0221-40 4495 Telex: 888-2269 
Telegram: Flip Chip Koein 

FRANKFURT 

6078 Neu-isenburg 2 

Am Forstaus Gravebruch 5-7 

Telephone: 06102-5526 Telex: 41-76-82 
HANNOVER 


3 Hannover, Podbielskistrasse 102 
Telephone: 0511-69-70-95 Telex: 922-952 
STUTTGART 


D-7301 Kemnat 

Telephone: (0711) 254007 Telex: 725.9404 
AUSTRIA 

enn Corporation Ges.m.b.H. 


Mariahilferstrasse 136, 1150 Vienna 15, Austria 
Telephone: 85 51 86 


UNITED KINGDOM 
Digital Equipment Co., Ltd. 
ARTERS 


UK. HEADQU. om 

Arkwright Road, Reading, Berks 
Telephone: 0734-583555 
READING 


EDINBURGH 

Shiel House, Craigshill, Livingston, 
West Lothian, Scotland 
Telephone: 32705 Telex: 727113 


Maynard, Massachusetts, U.S.A. 01754 * Telephone: From Metropolitan Boston: 646-8600 « Elsewhere: (617)-897-5111 


TWX: 710-347-0212 Cable: DIGITAL MAYN Telex: 94-8457 


DOMESTIC 
MID-ATLANTIC (cont.) CENTRAL (cont.) 
PRINCETON MICHIGAN 
U.S. Route 1 Ann Arbor 


Princeton, New Jersey 08540 
Telephone: (609)-452-2940 Dataphone: 609-452-2940 
NEW YORK 
Long Island 
1 Huntington Quadrangle 
Suite 1507 Huntington Station, New York 11746 
Telephone: (516)-694-4131, (212)-895-8095 
Dataphone: 516-293-5693 

MANHATTAN 
810 7th Ave. 
New York, N.Y. 10019 
Telephone: (212)-582-1300 
PENNSYLVANIA 
Philadelphia 
Digital Hall 
1740 Walton Road, Blue Bell, Pennsylvania 19422 
Telephone: (215)-825-4200 
TENNESSEE 
Knoxville 
6311 Kingston Pike, Suite 21E 
Knoxville, Tennessee 37919 
Telephone: (615)-588-6571 
WASHINGTON D.C. 
Executive Building 
6811 Kenilworth Ave., Riverdale, Maryland 20840 
Telephone: (301)-779-1600, 752-8797 

Dataphone: 301-779-1600 Ex. 53 


Dataphone: 615-584-0571 


CENTRAL 


REGIONAL OFFICE: 
1850 Frontage Road, Northbrook, Illinois 60062 
Telephone: (312)-498-2500 Dataphone: 312-498-2500 


Ex. 78 
INDIANA 
Indianapolis 
21 Beachway Drive, Suite G 
Indianapolis, Indiana 46224 
Telephone: (317)-243-8341 
ILLINOIS 
Chicago 
1850 Frontage Road 
Northbrook, I!linois 60062 Dataphone: 312-498-2500 
LOUISIANA 
New Orleans 
3100 Ridgelake Drive, Suite 108 


Metairie, Louisiana 70002 
Telephone: (504)-837-0257 Dataphone: 504-833-2800 


Dataphone: 317-247-1212 


230 Huron View Boulevard, Ann Arbor, Michigan 48103 
Telephone: (313)-761-1150  Dataphone: 313-769-9883 
DETROIT 

23777 Greenfield Road 

Suite 189 

Southfield, Michigan 48075 Dataphone: 313-557-3063 
MINNESOTA 

Minneapolis 

8030 Cedar Ave. South. Minneapolis. Minnesote 55420 
Telephone: (612)-854-6562-345  Dataphone- 612-854-1410 
MISSOURI 

Kansas City 


12401 East 43rd Street. Independence, Missouri 64055 
Telephone: (816}-252-2300  Dataephone- 

ST. LOUIS 

Suite 110, 115 Progress Perkwey 

Maryland Heights, Missouri 63043 


ww, (314}378-4310 Ss Dataphone- 816-461-3000 
OH! 


Cleveland 
2500 Euclid Avenue, Euclid. Ohio 46117 


3149 S. Winston 

Winston Sq. Bidg.. Suite 4. Tulsa, Okishomea 74135 
Telephone: (S18}-748-4478  Datephone- 918-749-2714 
PENNSYLVANIA 


Pittsburgh 
400 Penn. Center Boulevard. Pittsburgh. Pennsylvania 15235 
eee 


Dalies 

Plaza North, Suite 513 

2680 LB) Freeway. Dalles, Texas 75234 

Telephone: (214}-620-2051 Dataphone: 214-620-2061 
HOUSTON 


6656 Hornwood Drive 


Monterey Park. Houston. Texas 77036 

Telephone: (713)-777-3471 Dataphone: 713-777-1071 
WISCONSIN 

Milwaukee 


8531 West Capitol Drive, Milwaukee, Wisconsin 53222 
Telephone: (414)-463-9110 | Dataphone: 414-463-9115 


INTERNATIONAL 
NETHERLANDS CANADA 
Digital Equipment N.V. Digital Equipment of Canada, Ltd. 
THE HAGUE CANADIAN HEADQUARTERS 


Sir Winston Churchillian 370 
Rijswijk/The Hague, Netherlands 


Telephone: 94 9220 ‘Telex: 32533 
BELGIUM 

Digital Equipment N.V./S.A. 
BRUSSELS 

108 Rue D‘Arion 


1040 Brussels, Belgium 
Telephone: 02-139256 


SWEDEN 


Digital Equipment AB 

STOCKHOLM 

Englundavagen 7, 171 41 Solna, Sweden 
Telephone: 98 13 90 Telex: 170 50 
Cable: Digital Stockholm 


NORWAY 
Digital Equipment Corp. A/S 
OSLO 


Telex: 25297 


Trondheimsveien 47 


Oslo 5, Norway 

Telephone: 02/68 34 40 Telex: 19079 DEC N 
DENMARK 

Digital Equipment Aktiebolag 
COPENHAGEN 


Hellerupveg 66 
2900 Hellerup, Denmark 


FINLAND 


Digital Equipment AB 
HELSINKI 

Titismaantie 6 

SF-00710 Helsinki 71 
Telephone: (090) 370133 
Cable: Digital Helsinki 


SWITZERLAND 
Digital Equipment Corporation S.A. 
GENEVA 


81 Route de I'Aire 

1211 Geneva 26, Switzerland 
Telephone: 427950 Telex: 22 683 
ZURICH 

Scheuchzerstrasse 21 

CH-8006 Zurich, Switzerland 
Telephone: 01/60 35 66 Telex: 56059 


ITALY 
Digital Equipment S.p.A. 
MILAN 


Corso Garibaldi 49, 20121 Milano, Italy 
Telephone: 872 748 694 394 Telex: 33615 


SPAIN 
Digital Equipment Corporation Ltd. 
MADRID 


Ataio Ingenieros S.A., Enrique Larreta 12, Madrid 16 
Telephone: 215 35 43 Telex: 27249 

BARCELONA 

Ataio Ingenieros S.A., Granduxer 76, Barcelona 6 
Telephone: 221 44 66 


ISRAEL 


DEC Systems Computers Ltd. 

TEL AVIV 

Suite 103, Southern Habakuk Street 
Tel Aviv, Israel 


Telephone: (03) 443114/440763 Telex: 922-33-3163 


P.O. Box 11500 

Ottawa, Ontario, Canada 
K2H 8K8 

Telephone: (613)-592-5111 TWX: 610-562-8732 
TORONTO 

2550 Goldenridge Road, Mississauga, Ontario 
Telephone: (416)-270-9400 TWX: 610-492-7118 
MONTREAL 

9675 Cote de Liesse Road 

Dorval, Quebec, Canada 760 


' Telephone: (514)-636-9393 TWX: 610-422-4124 


CALGARY /Edmonton 

Suite 140, 6940 Fisher Road S.E. 
Calgary, Alberta, Canada 
Telephone: (403)-435-4881 
VANCOUVER 

2210 West 12th Avenue 
Vancouver 9, British Columbia, Canada 
Telephone: (604) 736-5616 TWX: 610-929-2006 


TWX: 403-255-7408 


GENERAL INTERNATIONAL SALES 


REGIONAL OFFICE 
146 Main Street, Maynard, Massachusetts 01754 
Telephone: (617) 897-5111 
From Metropolitan Boston, 646-8600 
TWX: 710-347-0217/0212 
Cable: DIGITAL MAYN 
Telex: 94-8457 


AUSTRALIA 
Digital Equipment Australia Pty. Ltd. 
SYDNEY 


P.O. Box 491, Crows Nest 
N.S.W. Australia 3065 

Telephone: 439-2566 Telex: AA20740 

Cable: DIGITAL, SYDNEY 

MELBOURNE 

60 Park Street, South Melbourne, Victoria, 3205 
Telephone: 699-2888 Telex: AA40616 
PERTH 

643 Murray Street 

West Perth, Western Australia 6005 

Telephone: 21-4993 Telex: AA92140 
ADELAIDE 

6 Montrose Avenue 

Norwood, South Australia 5067 

Telephone: 63-1339 Telex: AA82825 
BRISBANE 

133 Leichhardt Street 

Spring Hill 

Brisbane, Queensland, Australia 4000 
Telephone: 444047 = Telex: 790-40616 


NEW ZEALAND 


Digital Equipment Corporation Ltd. 
AUCKLAND 

Hilton House, 430 Queen Street, Box 2471 
Auckland, New Zealand 

Telephone: 75533 


JAPAN 


Digital Equipment Corporation International 
Kowa Building No. 16 — Annex, First Floor 
9-20 Akasaka 1-Chome 

Minato-Ku, Tokyo 107, Japan 

Telephone: 586-2771 Telex: J-26428 


WEST 


REGIONAL OFFICE: 

310 Soquel Way. Sunnyvale. California 94086 
Telephone: (408)-735-9200  Dataphone: 408-735-1820 
ARIZONA 

Phoenix 

4358 East Broadway Road. Phoenix, Arizona 
Telephone: (602}-258-3488 § Dataphone: 602-268-7371 
CALIFORNIA 

Santa Ana 

2110 S_ Anne Street. Santa Ana. Californie $2704 
Telephone: (714}379-2460 Dataphone- 714-579-7850 


Edgewster Drive. Osklend. Californie 34621 
= ‘ 

Dataphome- 415-562-2160 
WEST LOS ANGELES 


COLORADO 

7301 E Beliewe Avecwe 

Suite S. Englewood. Colorade S0110 

Telephone. GOS} 7704150 Detephome- 303-770-6628 


13401 N_E. Bellevue. Redmond Rced. Suite 111 
Bellevue. Washington S8005 


Telephone: (205}4S-058/45550  Detaphome 206-747-3754 


JAPAN (cont) 

Rikei Trading Co.. Ltd. (sales only) 
Kozato-Keikan Bidg_ 

No. 18-14 Nishishimbeshi 1-Chome 
Minato-Ku, Tokyo. Japan 

Telephone: 5915246 Telex: 781-<me 
PUERTO RICO 


Digital Equipment Corporation de Puerto Rico 
MIRAMAR : 
American Airlines 


804 Ponce De Leon. Miramar. Puerto Rico 
Telephone: 809-723-8068/67 Telex 3652056 


ARGENTINA 


BUENOS AIRES 
Coasin S.A. 
Virrey del Pino, 4071, Buenos Aires 


Telephone: 52-3185 Telex: 012-2254 
BRAZIL 

RIO DE JANEIRO — GB 

Ambriex S.A 


Rua Ceara. 104.2 e 3anderes ZC -29 
Rio De Janeiro — GB 


SANTIAGO 

Coasin Chile Ltda. (sales only) 

Casilla 14588. Correo 15, 

Telephone: 396713 Cable- COACHIL 


INDIA 

BOMBAY 

Hinditron Computers Pvt. Ltd. 
68/A. L. Jagmohandas Marg. 
Bombay-6 (WB) India 
Telephone: 38-1615. 36-5344 
Cable: TEKHIND 


MEXICO 

MEXICO CITY 

Mexitek, S.A. 

Eugenia 408 Deptos. 1 
Apdo. Postal 12-1012 
Mexico 12, D_F. 
Telephone: (905) 536-09-10 


PHILIPPINES 

MANILA 

Stanford Computer Corporation 

P.O. Box 1608 

416 Dasmarinas St., Manila 
Telephone: 49-68-96 Telex: 742-0352 


Telex: 011-2534 Plenty 


Sabana Grande No. 1, Caracas 105 
Telephone: 72-8662; 72-9637 
Cable: INSTRUVEN 








~~ 





